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Eight factorial randomised field experiments, four each 
on lentil (Lens culinaris L. Medic.) var. T-36 (Experiments 1-4) 
and summer moong (Vigna radiata L. Wilczek) - var. K-851 
(Experiments 5-8), were conducted at the University Farm of the 
Aligarh Muslim University, Aligarh (India) from 1984 to 1986. 
The aim was to study the effect of basally applied nitrogen 
and phosphorus and of pre-sowing seed treatment (prior to 
applying respective Rhizobium inoculum uniformly) with aqueous 
pyridoxine solution, alone and in combination, on growth 
parameters, net assimilation rate (NAR), nitrate reductase 
activity (NRA), leaf NPK content, yield parameters and seed 
protein content of these grain legumes. The data were mostly 
found significant and are summarised below. 
Experiment 1: The trial was conducted during 1984-85. 
Four doses of nitrogen, i.e., 15, 30, 45 and 60 kg N/ha (B , j-, 
B^,T„, B^ ,,„ and B^,,„), were applied to plots given a uniform basal N30 N4r) N60 ^^ t^  a 
dose of 45 kg P and 30 kg K/ha. Seeds of lentil were soaked in 
aqeous pyridoxine solution, i.e., 0% (S,J, 0.2% (S,), 0.3% (S^) 
or 0.4% (S_^ ) before sowing. The individual and combined effects 
of these treatments were studied on growth parameters, NRA and 
leaf NPK content at 60, 90 and 120d; NAR for 60-90d and 90-120d 
intervals and yield parameters and seed protein content at 
harvest. Of these basal nitrogen doses, B,,-,^  proved optimum for 
^ N30 
: 2 : 
most of the parameters. The soaking treatment S-, promoted almost 
all parameters studied. The interaction B,,,„ x S^ proved optimum 
^ N30 2 ^ ^ 
for most parameters. For example, B^,^^ x S^ increased seed 
•^  '^ N30 2 
yield by 71.21% and seed protein content by 12.65% over B , ^r 
X o, - • 
W 
Experiment 2: The trial was conducted during 1984-85. 
Four doses of phosphorus, viz., 15, 30, 45 and 60 kg P/ha (B ,-, 
B „, B and B ,„), were applied to plots given a uniform 
basal dose of 45 kg N and 30 kg K/ha. Seeds of lentil were 
soaked in pyridoxine solution, viz., 0% (S„), 0.2% (S,), 0.3% 
w 1 
(S^) or 0.4% (S ) before sowing. The individual and combined 
effects of these treatments were studied on growth parameters, 
NRA and leaf NPK content at 60, 90 and 120d; NAR for 60-90 
and 90-120d intervals and yield parameters and seed protein 
content at harvest. Of these, B -,„ and S^ separately proved 
optimum for most parameters. While combination B -.„ x S. proved 
optimum for most parameters. ^ ..„ x S^  enhanced seed yield 
and seed protein content by 31.05% and 18.27% respectively, 
compared with B^ ., ^  x S,,. 
P15 W 
Experiment 3: The trial was conducted during 1985-86. 
Six doses of basal + foliar nitrogen, i.e., B ^ ^ + F , B j^^ +F , 
^N15"^N5' ^N30"^N5' ^NlS^^NlO- ^ ''^  \30"^N10 (taking the optimal 
and sub-optimal basal dose of nitrogen determined in Experiment 
1), were applied to plots given a uniform basal dose of 30 
kg P and 30 kg K/ha. Seeds of lentil were soaked in 0.2 and 
0.3% (S, and S-) aqueous pyridoxine solution before sowing. 
The individual and combined effects of these treatments were 
studied on growth parameters, NRA and leaf NPK content at 120d, 
NAR for 90-120d interval and yield parameters and seed protein 
content at harvest. Of these, individual and combined effect 
of B^ ,, ^  + F^,_ and S^ proved optimum for almost all parameters, N15 N5 2 '^  '^  
resulted in a saving of 10 kg N/ha as compared with Experiment 1. 
The interaction (Bj^^^ + F^ ^^ ) x S^ increased seed yield by 21.04% 
and seed protein content by 6.35% over (B,,,^  + F,J x S,. 
N15 W 1 
Experiment 4: The trial was conducted during 1985-86. 
Six doses of basal and foliar phosphorus, viz., B„^„ + F,,, 
'^  P20 W 
^P30"^W' ^P20"f'pi' ^P30"^P1' '3p20"f'p2 ^"^ Bp3o"^P2 (taking 
the optimal and sub-optimal basal phosphorus dose determined 
in Experiment 2), were applied to plots given a uniform basal 
dose of 30 kg N and 30 kg K/ha. Seeds of lentil were soaked 
in 0.2% (S,) and 0.31 (S_,) pyridoxine solution before sowing. 
The individual and combined effects of these treatments were 
studied on growth parameters, NRA and leaf NPK content at 120d, 
NAR for 90-120d interval and yield parameters and seed protein 
content at harvest. Among different levels of phosphorus (basal 
+ foliar) and soaking treatments, B ^„ + F ^ and S^, alone as 
well as in combination, proved optimum for all parameters, 
resulted in a net saving of 8 kg P/ha as compared with the 
optimum dose determined in Experiment 2. The combination 
(B +F ^) X S^ resulted in an increase of 24.13% and 16.36% 
in seed yield and seed protein content respectively o\ er 
(^P20^^w) ^  ^V 
Experiment 5: The experiment was conducted during 1985. 
Four doses of nitrogen, i.e., no nitrogen (Bj^ )^ , 5 kg N/ha 
(B^^), 10 kg N/ha (BJ^^^Q) and 15 kg N/ha (B^^^^), were applied 
to plots given a uniform basally applied 30 kg P and 35 kg 
K/ha. Seeds of moong were soaked in 0.0% (S,,), 0.2% (S,), 0.3% 
w i 
(S^) and 0.4% (S^) pyridoxine solution before sowing. The 
individual and combined effects of these treatments were studied 
on growth parameters, NRA and leaf NPK content at 20, 30, 40 
and 50d; NAR for 20-30, 30-40d and 40-50d intervals and yield 
parameters and seed protein content at harvest. Of these, B 
and S^ proved optimum for almost all parameters. Among different 
interactions, B^,^ x S^  proved optimum for most of the parameters. 
N5 1 
This interaction resulted in an increase of 31.72% and 7.86% in seed yield and seed protein content respectively over B , x 
ST,-W 
4 : 
Experiment 6: The effect of basally applied phosphorus, 
viz., B„,_, B„^„, B^.j- and B_,,„ and pre-sowing seed treatments 
P15 P30 P45 P50 
with aqueous pyridoxine solution, i.e., 0.0% (^  ), 0.25 (S,), 
0.3% (S_,) and 0.4% (S_,) alone and in combination, was studied 
in the presence of 10 kg N and 35 kg K/ha applied uniformly 
at the time of sowing, on growth parameters, NRA and leaf NPK 
content at 20, 30, 40 and 50d; NAR for 20-30d, 30-40d and 
40-50d intervals and yield parameters and seed protein content 
at harvest in 1985. Among these, B _^„ and S-, separately proved 
optimum for all parameters, while B , j- x S^ emerged as the 
best combination for all parameters. The interaction, B j. 
X S_, enhanced the seed yield and seed protein content by 31.06% 
and 11.75% respectively over B_,, j. x S,,. 
'^ -' P15 W 
Experiment 7: The experiment was conducted during 1986. 
Five doses of basal + foliar nitrogen, i.e., B.,^  c + F,,, B^ ,_ + F,,, 
^ N2.5 W N5 W 
^N2.5"^N1.25' ^N2.5"^N2.5 ^"^ ^N2.5^^N5 (taking the optimal 
and sub-optimal basal nitrogen dose determined in Experiment 5), 
were applied to plots given a uniform basal dose of 15 kg P 
and 35 kg K/ha. Seeds of moong were soaked in 0.2% (S,) and 
0.3% (S^) aqueous pyridoxine solution before sowing. The 
individual and combined effects of these treatments were studied 
on growth parameters, NRA and leaf NPK content at 40 and 50d; 
NAP for30-40and 40-50d intervals, yield parameters and seed 
protein content at harvest. Of these, B -, s'^ '^ Nl 25 "^"^  ^2 ^-^°"^ 
and in combination proved optimum for all parameters studied. 
Although it resulted in a saving of only 1.25 kg/ha of nitrogen, 
it increased seed yield by 20.27% and seed protein content 
by 7.12% over (B^2.5^^w' ^ ^l* 
Experiment 8: The trial was conducted during 1986. Six 
doses of basal + foliar phosphorus, i.e., B ^ ^ + F , B , _ + F , 
^PlO^^Pl' ^PlS^^Pl' ^P10'"^P2 "^'^  ^P15^^P2 (taking the optimal 
and sub-optimal basal phosphorus dose determined in Experiment 6), 
were applied to plots given a uniform basal dose of 5 kg N 
and 35 kg K/ha. Seeds of moong were soaked in 0.2% and 0.3% 
: 5 : 
(S, and S^ ) pyridoxine solution before sowing. The individual 
and combined effects of these treatments were studied on growth 
parameters, NRA and leaf NPK content at 40 and 50d; NAR for 30-
40 and 40-50d intervals, yield parameters and seed protein content 
at harvest. Treatments, B^„ + F _ (equalled by B , t- + F . ) and S_ 
proved best for most parameters separately. Among various combina-
tions, (B _ + F _,) X S^ excelled all other interactions and proved 
optimum for all parameters, increasing seed yield and seed protein 
content by 35.66% 19.33% respectively over (B_,„ + F,,) x S, with 
P i U W 1 
a saving of 18 kg P/ha as compared with the Experiment 6. 
The information contained in this thesis is new addition 
to the literature on the growth, development and seed quality 
of grain legumes in particular and crop plants in general in 
the following respects: 
1. The optimum requirement of nitrogenous and phosphatic 
fertilisers for lentil and summer moong (Experiment 1,2, 
5 and 6) for the agro-climate obtaining at Aligarh (Western 
Uttar Pradesh) was determined with precision. 
2. The concentration of pre-sowing seed treatment with aqueous 
pyridoxine (vitamin B,) solution for optimum performance 
6 
of the two crops was repeatedly confirmed in all trials 
undertaken (Experiments 1-8). 
3. The optimum combinations of nitrogenous or phosphatic 
fertilisers with soaking treatments were determined for the 
first time (Experiments 1-8). 
4. In conclusion, comparison of all experiments reveals that 
supplemental foliar spray of nitrogen and phosphorus was 
effective and economical for both lentil and moong. Whereas, 
0.3% aqueous pyridoxine solution as pre-sowing seed treatment 
has invariably pronounced stimulating effect on yield of 
both crops. Thus, pyridoxine treatment promotes "soil and 
: 6 : 
and leaf-applied nutrient use efficiency" in both crops. 
Therefore, minimum application of nutrients (nitrogen and 
phosphorus) in combination with 0.3% aqueous solution of 
pyridoxine treatment of seeds may be exploited economically 
to augment the yield and seed quality of lentil and summer 
moong. 
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I N T R O D U C T I O I M 
CHAPTER - 1 
INTRODUCTION 
E a r l y man s t a r t e d a g r i c u l t u r e a f t e r r e c o g n i s i n g the 
n u t r i t i v e v a l u e of d i f f e r e n t w i ld p l a n t s . T h e r e f o r e , i t i s 
n o t s u r p r i s i n g t h a t , t o g e t h e r w i t h c e r e a l s , l eguminous c r o p s 
were c u l t i v a t e d i n t h e d i s t a n t p a s t . Of t h e s e , a t l e a s t 
" M a s h a " (Urd , i , e . , P h a s e o l u s r a d i a t u s Roxb . ) , * '^fesura '* 
( L e n t i l , i . e . . Lens c u l i n a r i s L. M e d i c . ) and " Mudga " (Moong, 
i . e . . Vigna r a d i a t a L. Wi lczek) a i ^ men t ioned i n e a r l y Aryan 
l i t e r a t u r e and d a t e b a c k t o t h o u s a n d s of y e a r s (Achaya , 1 9 8 5 ) . 
The e a r l y Roman and Greek f a r m e r s have a l s o been c r e d i t e d with 
t h e knowledge of t h e b e n e f i c i a l e f f e c t of r o t a t i n g l eguminous 
and n o n - l e g u m i n o u s c r o p s (Bould , 1 9 6 3 ; B u r r i s , 1 9 6 5 ) . 
With t h e advancemen t of s c i e n c e and t e c h n o l o g y , a g r i c u l t u r e 
has emerged a s an i n d u s t r y i n most of t h e d e v e l o p e d and some 
of the d e v e l o p i n g c o u n t r i e s , l i k e I n d i a , As a r u l e , the 
s u c c e s s of an i n d u s t r y depends upon low e n e r g y i n v e s t m e n t s , 
accompan ied by h i g h o u t p u t , a g r i c u l t u r e b e i n g no e x c e p t i o n . O f the 
t o t a l e n e r g y i n v e s t e d i n t h e a g r i c u l t u i ^ s e c t o r of a deve loped 
c o u n t r y , l i k e t h e U . S . A . , a b o u t a q u a r t e r i s u s e d f o r s y n t h e t i c 
f e r t i l i s e r p r o d u c t i o n . I t i s e s t i m a t e d t h a t t h e r ^ has been a 
s e v e r a l - f o l d i n c r e a s e i n t h e i n p u t of n i t r o g e n o u s f e r t i l i s e r s 
d u r i n g t h e p a s t few d e c a d e s ( F l a i g , 1978) and t h e r e i s i n d i c a t i o n 
t h a t t h i s t r e n d w i l l c o n t i n u e . The s i t u a t i o n i n d e v e l o p i n g 
countr ies i s even more c r i t i c a l because of the general awakening 
among farmers coupled with cons t ra in t s on f e r t i l i s e r production. 
In India, for example, the ex i s t ing gap between production and 
consumption of n i t rogen has been doubled within the l a s t few 
decades (Subba Rao, 1979) posing a heavy burden on the economy 
of the country. 
Keeping these fac t s in view, judicious exploi ta t ion of 
the unique mechanism of dinitrogen f ixa t ion by leguminous crops 
could help in more than one way. I t increases so i l f e r t i l i t y 
provides cheap a l t e r n a t i v e for cost ly synthet ic nitrogenous 
f e r t i l i s e r s and checks environmental po l lu t ion . I t i s estimated 
t h a t about 175 mil l ion tonnes of dinitrogen are fi>:ed annually 
by various organisms (Bums and Hardy, 1975; p . 5 ^ ) . The forage 
legumes contr ibute approximately 125~300 kg/ha, and edible 
legumes 50-60 kg/ha/year (Mishutin and Shilnikova, 1971). 
Moreover, leguminous crops, by v i r t ue of t h e i r high grain protein 
content (20-40%), have unequivocally proved indispensable in 
t rop ica l and sub- t rop ica l regions of the world, including India 
in p a r t i c u l a r where the majority of the population depends 
mostly upon vegetable p r o t e i n s . I ron ica l ly , the so called 
" Green Revolution" , which helped in meeting the increasing 
demand of cereals during the recent past and proved successful 
in coping with the " population explosion" , ecl ipsed the need 
for increased production of grain legumes. Therefore, ne i ther 
the genetic stock nor the agronomic p rac t i ces for the cul t iva t ion 
of leguminous crops could be improved. The ignorant farmers 
continue to grow low yielding c u l t i v a r s of legumes, often as 
i n t e r - c rops , in un i r r iga ted a r e a s . I t r e su l t s in low 
production insp i t e of covering 24 mil l ion hectares of arable 
land- the l a rges t area of the world under leguminous crops 
(Mehta, 1968). I t i s , therefore , not surpr is ing to note that 
t o t a l production of grain legumes in the country is only about 
12 mil l ion tonnes, i . e . , 500 kg/ha (Jeswani and Van3c>iaik,1968; 
Mann and Singh, 1975) as aga ins t 3,4-94 kg/ha for example, 
produced by France (Anonymous, 1984). Lately the s i tua t ion has 
prompted nat ional planners to give top p r i o r i t y to the task 
of improving the genetic make-up of these crops and to workout 
a se t of p rac t i ces for f u l l exp lo i t a t ion of t h e i r p o t e n t i a l . 
To achieve genetic l i m i t s of y ie ld performance of a crop, i t 
i s e s sen t i a l tha t a l l the environmental fac tors contr ibut ing 
to i t s growth and development should be optimised. Of these, 
n u t r i t i o n i s a fac tor of prime importance. With the applicat ion 
of f e r t i l i s e r s and ameliorative add i t ives , crop yield have 
been improved considerably. However, greenhouse and f ie ld 
s tudies have revealed tha t indiscr iminate use of f e r t i l i s e r s 
may prove uneconomical or even sometimes harmful for plant 
growth and developments. Moreover, a proper balance in the 
n u t r i e n t s present in the growing medium i s e s s e n t i a l for 
optimum growth and good r e t u r n s . 
Lenti l and moong are two important pulse crops of India. 
The former i s a winter season ( " r a b i " ) pulse , generally 
ra ised under rainfed condi t ions . I t can be so-^m. from the 
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middle of October to the end of November, this providing 
extra time for engaging the land under a late " kharif" 
(rainy season) crop. In addition, it requires minimum plant 
protection measures. Moong has been established as a full 
fle-dged off-season summer crop. It enables the farmers to 
make best use of their fallow land, which consequently 
becomes rich in nitrogen. As the crop is generally free 
from diseases during this season, a good yield may be ensured. 
At Aligarh (India), Samiullah and his associates have 
made significant contribution regarding the cultivation of 
lentil and summer moong within a short span of time (Akhtar 
and Samiullah, 1982; Samiullah et_ al_., 1982, 1983, 1985; 
Akhtar et. a^., 1983» 1984; Akhtar, 1985). These studies 
have resulted in the establishment of the optimum fertiliser 
doses and application schedules for some improved varieties. 
Recently, a modest attempt has been made to improve the 
productivity and quality of these grain legumes under culture 
and field conditions by exogenous application of vitamins, 
particularly vitamin Bg (pyridoxine). Stimulation of root 
growth in barley, summer moong, lentil and urd by administering 
dilute aqueous solution of pyridoxine to seeds (Afridi et_ al., 
1979; Khan and Ansari, 1984;, Samiullah et_ a]^., 1985, 1988) 
indicated that pre-sowing treatment with pyridoxine favoured 
the uptake of water and nutrients by enhancing the area of 
the interface between roots and soils. This could have added 
advantage in conserving the applied phosphorus which is very 
prone to be fixed in the soil (Russell,1950) 
Considering this, it was decided to undertake eight field 
experiments - four each on lentil and summer moong ~ to test 
the effect of the interaction of nitrogen and phosphorus with 
vitamin B^. These crops were selected in view of:(i) diversity 
of genetic material,(ii) possession of fairly high and easily 
digestible seed protein and limiting amino acid contents, 
particularly methionine and tryptophan (Gupta, 1982 pp 297, 
301i(iii) minimal requirement of irrigation, in view of drought 
creating adverse conditions every year in one part of India,or the 
other and (iv) distribution of the investigations fairly 
through out the year. 
The aims and objects of these field trials were to study 
the effect of : 
Various doses of nitrogen/phosphorus and pre-sowing 
seed treatment with graded aqueous pyridoxine solutions, 
alone and in combination, on the growth and yield response of 
lentil and moong. 
Basal dressing of several doses of nitrogen/phosphorus, 
supplemented with foliar spray of nitrogen/phosphorus alone or 
in combination with two concentrations of aqueous pyridoxine 
solution on the growth and development of lentil and moong. 
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CHAPTER - 2 
REVIEW OF, LITERATURE 
Eversince his appearance on this universe, man must 
have, due to his natural curiosity, made innumerable obser-
vations about everything around him and noted many phenomena 
taking place in his surroundings. Later, som.e of these were 
e>:ploited by him for his own welfare. The commencement of 
agriculture seems to be one such outcome his experience with 
plants and their relationship with the environment. He must 
have observed that seeds of a plant, if falling on moist 
soil, generally produced a fulfledged crop. This phenomenon 
encouraged his to cultivate the land. As time passed and the 
population increased, the only alternative left with him was 
to increase the agricultural production with limited available 
resources. Since then, gradually several steps have been 
taken to increase the productivity and quality of the crop. 
Considerable success has been achieved in understanding the 
importance of nutrients, particularly Nitrogen, Phosphorus, 
Potassium, in.increasing the yield and quality of crop. 
In recent years, attention has been focussed to develop 
new vistas to achieve this end. Among them, chemical and 
physical pre-sowing treatment of seeds of high yielding 
varieties grown with optimum Nitrogen, Phosphorus, Potassium has 
shown promising results. At Aligarh, seed treatment of barley, 
lentil and moong with pyridoxine (vitamin Br) has proved 
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effective as well economical for the purpose (Ahmad et al.,1981 ; 
Ansari, 1985). However, detailed study of the effect of the 
interaction of vitamin with NPK on the productivity and quality 
of lentil and moong has not been made so far. As mentioned 
earlier (p.OA ), therefore, the present investigation was 
undertaken keeping in view this fact. A brief survey of the 
available literature is given in the following pages. 
2.1 Mineral nutrition of plants 
The soil is the matrix which not only supports the 
plants but also provides them with water and minerals. It 
consists of minerals, organic matter, water, air and living 
organisms. Of these, mineral matter, obtained from the parental 
rocks, forms the bulk of soil solids and is the main natural 
source of mineral nutrients for plants. Inorganic ions of the 
soil, derived mostly from mineral constituents, are termed as 
mineral nutrients (Noggle and Fritz, 1986). These nutrients are 
imperative to sustain the maintenance of physical organisation 
of plants. The activity of living cells also depends on them 
directly by virtue of their function in various molecules consti-
tuting the building blocks, participating in the repair of 
protoplasm and regulating _ metabolic processes and indirectly 
through release of energy (Nason and McElroy, 1963). Therefore, 
some of these nutrients are absolutely essential for plant growth 
and development and, if deficient, cause serious injuries to 
the plant. 
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2.1.1 Brief history 
The history of nutrition of plants dates back to the 
Greek period when Aristotle (384 B.C. - 322 B.C.) recognised 
the nutritive function of living being, separating the living 
from the dead. Cato (234 B.C. - 149 B.C.) was the earliest 
Roman agriculturist, who emphasised the importance of ploughing 
and urged the need for careful conservation of manure (Bould, 
1963). 
Research on plant nutrition is considered to have started 
in the 17th Century. Glauber in 1656 found that saltpetre, 
obtained from cattle manure, was effective in plant growth. 
Later, Home in 1755 pointed out that, in addition to saltpetre, 
epsom salt and potassium sulphate were required for proper plant 
growth and development (Bould, 1963). More scientific advancement 
in the concepts of plant nutrition, however, had to await the 
advent of the 19th Century. De Saussure (1804) was the first 
to apply mordern experimental methods to the study of plant 
nutrition. He analysed the plant ash and found that its 
composition varied with the nature of the soil and age of the 
plant. Further, he maintained that nitrogen and other mineral 
nutrients were essential for plant growth and development. 
By the middle of the 19th Century, agricultural 
scientists, became more and more convinced that growth of crop 
plants was proportionate to the amount of inorganic nutrients 
present in the soil. This view was propagated among others by 
Liebig in Germany, Boussingault in France and Lawes and Gilbert 
in England. They emphasised that fertility of the soil could 
be maintained by the application of inorganic mineral salts to 
the soil (Russell, 1950). 
2.2 Role of NPK in plant metabolism 
Among various plant nutrients, nitrogen, phosphorus and 
potassium are considered to be of prime importance. It has been 
established that a balanced dose of Nitrogen, Phosphorus and 
Potassium in the presence of adequate amount of other essential 
nutrients gives much better results than an unbalanced dose. 
A brief consideration of each of these prime mineral nutrients 
is made below : 
2.2.1 Nitrogen 
Plants contain more atoms of nitrogen than of any other 
element derived from the soil (Viets, 1965). Nitrogen, being a 
major structural constituent of the cell, plays an important 
role in plant metabolism. It constitutes numerous metabolically 
active compounds, like amino acids, proteins, nucleic acids, 
porphyrins, flavins, flavonoids and alkaloids (Agarwala and 
Sharma, 1975). Hence, several morphological and physiological 
factors, like succulence of fruits, length and breaking strength 
of the fibres, root growth, fruiting capacity, resistance to 
lodging, winter hardiness,jdisease resistance, physiological 
maturity and yield of many crops have been known to be governed 
by the nitrogen supply to the crops (Black, 1973). 
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Recent developments in research on inorganic nitrogen 
nutrition are related to the various aspects of dinitrogen 
fixation, nitrate reduction and regulaj:ion and the consequences 
of intensity and sites of nitrate reduction as cation/anion 
balance or the interaction between plant roots and their 
substrate. Ammonium nitrogen seems to exert some distinct 
regulatory functions not only in the induction of flower 
formation but also for increasing the direction of photosynthetic 
carbon flow towards the Kreb's cycle. The main effect of both 
ammonium and nitrate nitrogen on plant growth and development, 
viz., flowering and senescence, however, seems to be causally 
related to the direct interactions between nitrogen nutrition 
and phytohormones. The close correlation between nitrogen 
supply and the formation of cytokinins in the root and their 
export to the shoot has been clearly demonstrated in sunflower 
by Wagner and Michael in 1971 and Salama and Wareing in 1979. 
Nitrogen supply also affects other phytohormones and abscisic 
acid (r^ arschner, 1983). 
The deficiency of nitrogen results in stunted growth 
and decrease yield and quality of fruits, vegetables and grains, 
when the nitrogen supply is a limiting factor, both the rate 
and the extent of protein synthesis are depressed and flowering 




Phosphorus is absorbed by the plants as HpPO, or 
HPO, anions from the soil. Like nitrogen, phosphorus is also 
a structural component of various cell constituents and 
metabolically active compounds. It is also present in sugar 
phosphates; AMP, ADP, ATP; nucleic acids; nucleoproteins and 
several coenzymes, e.g.,.- NAD, NADP, etc. (Devlin and Witham, 1985) 
Being a constituent of ADP, Phosphoglyceraldehyde and ribulose 
phosphate, phosphorus is involved in the basic reactions of 
photosynthesis. Being a constituent of the nucleic acids, it 
controls all the processes of life. It helps in the development 
of plant roots and hastens maturity and also helps in the 
ripening of the fruits. Inorganic phosphorus exerts important 
regulatory functions in energy transfer, Intrestingly, 
Farschner (1983) pointed out that, in'the stroma of chloroplats, 
a concentration of approximately 10 miM almost completely inhibits 
starch synthesis. This control seems to be exerted mainly via 
the allosteric regulation of ADPG pyrophosphorylase by 
inorganic phosphorus. 
Deficiency of phosphorus causes many visible effects, 
viz., acute leaf angle, lack of tillering, prolonged dormancy 
of lateral buds, premature leaf fall, decrease in size and 
number of flower primordia and small fruits or seeds. Besides 
these, its deficiency results in disturbing nitrogen metabolism 
which caus^ the accumulation of soluble organic nitrogenous 
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compounds (free amino acids and amides) and decreases in protein 
content (Bains and Bhardwaj, 1976). Phosphorus deficiency also 
results in an increase in the accumulation of free reducing 
sugar, suggesting an involvement of phosphorus in carbohydrate 
metabolism (Devlin and Witham, 1986). 
2.2.3 Potassium 
Potassium is the only monovalent cation essential for 
all plants. Its essentiality as a plant nutrient was known as 
early as in the year 1866 by Birner and Bucanus (Reed, 1942). 
A relationship of potassium to starch formation suggested earlier 
has been firmly established by recent investigators (Greenberg 
and Preiss, 1965; Nitsos and Evans, 1968, 1969). Potassium 
affects several other important functions, like osmoregulation, 
water transport and the translocation of carbohydrates in plants. 
According to Rains (1976), potassium is important for protein 
synthesis. Potassium counteracts the ill effects of excessive 
nitrogen. It gives strength to the stalk thereby increasing the 
resistance of plants to lodging. Potassium also acts as a 
catalytic agent and activator for a large number of enzymes, such 
as pyruvate kinase, acetic thiokinase, succinyl Co A synthetase 
(Svans and Sorger, 1966; Reins, 1976). Deficiency of potassium 
results in a decrease in the total and reducing sugars and proteins 
Its deficiency causes a marked increase in amide and a-amino acid 
nitrogen. Potassium deficiency also limits COp diffusion through 
stomata thus resulting in increase in stomatal resistance. Its 
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deficiency also causes an increase in raesophyll r e s i s t ance . 
Potassium also a f f ec t s the N„ f ixa t ion rate in legumes and 
grov/th ra tes of f r u i t s (Karschner, 1983). 
2.3 Basal app l ica t ion of Nitrogen, Phosphorus and Potassium in 
r e l a t i on to Lens c u l i n a r i s L. Medic, and Vigna radia ta L. 
Wilczek. 
The requirement of Nitrogen, Phosphorus and Potassium for 
different crops has been worked out from time to time in 
different parts of India (Bains and Bhardwaj, 1976). Flowever, 
compared to other crops, such work on grain legumes (pulse crops) 
has not been given due attention. In fact, there are few 
general references in the literatur-e regarding this aspect of 
grain legume cultivation. Jain (1975) remarked that they 
respond to an initial dose of nitrogen under Indian conditions 
as they require time for the development of root nodules before 
fixation of atmospheric nitrogen could start. He further 
indicated that grain legumes give good response to phosphorus 
application also. Chowdhury (1968) mentioned that adequate 
amount of potassium, in addition to nitrogen and phosphorus, 
is required for good yield and superior quality of seeds. Some 
of the important recent specific Indian studies on Lens 
culinaris L. I-fedic. and Vigna radiata L. Wilczek in relation to 
Nitrogen, Phosphorus and Potassium application are summarised 
helowl 
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2,3.1 Lens culinaris L, Medic. (Lentil) 
Chowdhury et_ a]^. (1972) carried out field trials during 
1969-70 and 1970-71 on lentil var. L9-12 in sandy loam soils 
of poor or medium status of fertility. They applied 0, 25 and 
50 kg N/ha alone and 25 kg N/ha in combination with 25, 50 and 
75 kg P 0^/ha. Nitrogen at 25 kg/ha proved optimum when applied 
2 J 
with "50 kg P^O-Zha in the soil of low fertility levels (20 kg 
PpOp-/ha). They also showed that on rich soils (having more than 
30 kg P Oc/ha), good yields could be obtained even without any 
fertilisers. 
Sekhon et_ al^ . (1978) made detailed studies during 
1971-75 in relation to productivity of lentil varieties under 
various conditions, including nutritional treatments, inoculation 
and soil status. During 1971-72 and 1972-73, the yield response 
of three lentil varieties (L9-12, B-18, and T-36) to different 
strains of Rhizobium was studied. In 1971-72, three strains, 
viz., L1, L4 and L7 and their mixture were taken. This experi-
ment was conducted in loamy-sand soil (low available nitrogen 
and medium available phosphorus and potassium). In 1972-73, 
two experiments were conducted. In the first experiment, they 
observed the individual effect of three strains of Rhizobium 
(B5, B7 and LI), while in the second the crop received four 
treatments, viz., control; inoculation with B7 strain and 25 kg 
N/ha alone and in combination in sandy-loam soil (low available 
nitrogen and high phosphorus and potassium). In 1973-74 and 
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1974-75, they repeated the second experiment of 1972-73 with 
the same treatments on L9-12 cultivar of lentil. During 1975-75, 
another experiment was conducted on the same cultivar in loamy-
sand soil and sandy-loam soil with eight treatments (control, 
20 kg N/ha in one and two equal dressings, 40 kg N/ha in one 
and two equal dressings; 60 kg N/ha in three equal dressings; 
inoculation with El strain alone and in combination with 20 kg 
N/ha. 
In 1971-72, they noted that L4 strain of Rhizobium 
proved best for all the varieties, except T-36. Regarding the 
effect of the mixture of these three, it was observed that 
cultivars showed different response. It was further inferred 
that the effect of mixed cultures on varieties T-36 and B-18 
was at par with that of LI strain applied alone but was less 
than the individual effects of L4 and L7 strains. In 1972-73, 
in the first experiment, they found that all the Rhizobium 
strains enhanced the productivity of the cultivars compared 
with control, strain B7 proving best. The data of the second 
experiment revealed that inoculation alone increased seed yield 
by about 82;"a compared with the control (without inoculum and 
nitrogen)o It was also reported that application of 25 kg N/ha 
alone or in combination with culture gave similar results to 
that of inoculation alone. The result of this experiment was 
confirmed by repeating the study in 1975-76 which revealed that 
combined effect of inoculum and 20 kg N/ha was more pronounced 
than their individual effects. When the application of any level 
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of nitrogen alone was compared with that of inoculation alone, 
it was observed that none of the nitrogen treatments gave more 
yield than that given by inoculation alone. From these results, 
they concluded that inoculation of lentil with an efficient 
strain of Rhizobium might be the cheapest practice for enhancing 
the yield of the crop, 
Slinkard and Henry (1978) conducted a field experiment 
on lentil to evaluate the effect of six levels of phosphorus 
(O, 16, 33, 50, 67 and 100 kg P/ha). Phosphorus was applied 
either with the seeds or side-banded 2 cm below and 2 cm beside. 
This experiment was carried out at two sites (dry and irrigated 
land). They noted that percent phosphorus in seeds was increased 
significantly with the increasing rate of applied phosphorus 
at both dry and irrigated sites. There was no increase in 
percent phosphorus at Melfort due to the adequate phosphorus. 
Further, they observed that phosphoi-Tis applied as side bands 
had no consistent effect on lentil seed yield, while the 
phosphorus placed with the seeds reduced it, and in general, 
application of phosphorus had no effect on per cent protein in 
lentil seeds. 
Singh £t al_» (1979) reported the findings of e>iperiments 
conducted on lentil var. L9-12 during 1975-76. The response of 
this crop to various levels of irrigation and fertilisers was 
observed. They assigned six irrigation treatments (no 
irrigation, one irrigation at 45 days or 75 days or early pod 
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filling stage, two irrigations at 45 and 75 days or 45 days and 
early pod filling stage) to main plots and five fertility levels 
(control, Rhizobium inoculum, 25 kg N/ha + inoculum, 50 kg P„Oc/ha+ 
inoculum, 25 kgN+50 kg P„Oc-/ha + inoculum) to sub-plots. The 
maximum grain yield was obtained when the crop received two 
irrigations (at 45 days after sowing and at early pod filling 
stage). They further noted that the effect of all fertility 
levels, including inoculum were at par. Therefore, they 
recommended the application of Rhizobium alone for net profit. 
Bisen et_ al_. (1980) studied the response of lentil 
(Lens esculenta) to Rhizobium inoculum and fertiliser application 
under different moisture regimes during three seasons (1974-77). 
The experiments were laid according to split-plot design. The 
four sub-plot treatments were ; (1) control (neither • inoculum 
nor fertiliser) (2) inoculum (composite culture of L1, 12 and 
L3), (5) inoculum + 25 kg N/ha and (4) inoculum -•• 25 kg N/ha + 
50 kg P 0 /ha. J.L.S.-1, the variety of lentil used for the 
year 1974-75 and 1975-76 was J.L.S.-1 and for 1976-77 JoL.S.-2. 
Regarding the moisture regimes, it was noted that in each year, 
all irrigation treatments, except irrigation at early pod 
filling stage, gave significantly higher pod number/plant as 
well as seed yield compared with control (without irrigation). 
On comparing various nutrient treatments, a combined application 
of inoculum, 25 kg N and 50 Pp0c-/ha was noted to enhance pod 
number as well as seed yield over control (without any treatment) 
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in both varieities. 
Malik and Sanoria (1981) studied the effect of three 
Rhizobium and/or two Azotobacter strains on yield and uptake 
of nutrients in lentil (Lens esculenta). They noted that 
inoculation with mixture of Rhizobium strain F^  and Azotobacter 
strain B, significantly increase Nitrogen, Phosphorus and 
Magnesium uptake and seed yield, while inoculum given with 
Rhizobium strain C^ and Azotobacter strain Et decreased nutrients 
/ D 
uptake and yield compared with inoculation with Rhizobium 
strain C„ only. 
Raghu e_t al^ . (1981) carried out the trials for three 
years from 1971-74 and observed the performance of two varieties 
of lentil (L9-12 and LSW2) ^ ^ relation to various regimes of 
irrigation and nutrient supply. In 1971-72, in a split-plot 
field experiment, they applied two fertility levels, viz., 
40:30:20 and 80:60:40, in the form of N, P<D^ and K^O/ha 
respectively in sub-plots and 15 irrigations comprising 
irrigation frequencies and growth stages of the crop in the 
main plots. In 1972-73, sub-plots received 20:30:20, and 
40:60:40 as N, PpO„ and K_0 kg/ha respectively, while the main 
plots had the same irrigation treatments as in 1971-72. The 
experiment in 1973-74 was conducted according to simple 
randomised block design. A similar scheme of irrigation treat-
ments was applied with a uniform dose of 40 kg M, 60 kg PpOc-
and 40 kg KpO/ha. It was noted that the number of grains/pod 
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and grain yield were significantly higher in the higher fertility 
levels compared to low levels in both the years. When the 
effect of irrigation treatments was taken into consideration, 
it was found that the number of grains/pod as well as seed yield 
increased upto three irrigations (at branching, flowering and 
grain filling stages). 
Saxena (1981) reviewed reports on the mineral nutrients 
requirement of lentil crop grown at different places. It was 
found that the crop could produce about 2 tonnes seed/ha when 
grown with about 100 kg N, 28 kg P^ Oc and 78 kg K O/ha. Studies 
on nitrogen nutrition showed that more than 85 per cent of the 
total nitrogen requirement of the crop might be fulfilled by 
symbiotic nitrogen fixation. Application of farmyard manure at 
10 to 15 tonnes/ha was recommended for lentil production in 
Pakistan. The optimum level of phosphatic fertiliser ranged 
between 40 and 100 kg P 0 /ha, depending upon the availability 
of the phosphorus and the fixing capacity of the soil. However, 
a linear increase with increasing levels of phosphorus was 
noted under low rainfall condition. Potassium application did 
not show positive response due to its high availability in the 
soil. 
Singh and Marok (1981) conducted pot experiments during 
1976-77 and 1977-78 on lentil '(Lens esculenta) var.L9-12. 
The crop was grown in 24 soil types which differed in available 
phosphorus (low, medium and high)» They applied four levels of 
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phosphorus (O, 10, 20 and 30 ppm PpO^ -) as single superphosphate 
with a constant basal dose of 5 Ppm of Nitrogen as calcium 
ammonium nitrate. It was reported that application of phosphorus 
significantly increased the two years' average grain and 
straw yield on all the types of soil depending on the phosphorus 
status of the soil. For example, the increase in both grain 
and straw yield was significant upto 30 ppm on low phosphorus 
soil, upto 20 ppm in medium phosphorus soil and upto 10 ppm 
on high phosphorus soil. The per cent increase in yields in 
low phosphorus soil was more compared to control, indicating 
high response of lentil to phosphorus application in this type 
of soil. 
Verma and Kalra (1S81) carried out field trials for two 
years in 1976-77 and 1977-78 on lentil var. L9-12, during the 
rabi" season. The soil was sandy-loam and the design of the 
experiment was split-plot. They evaluated the effect of 
different levels of irrigation, nitrogen and phosphorus on 
growth and yield attributes of this crop. They assigned four 
levels of irrigation viz., no irrigation (control), one 
irrigation at the age of 50 days, one irrigation at the age of 
105 days, two irrigations - one each at 60 and 150 days of crop 
age; three levels of nitrogen i.e., 0, 20 and 40 kg N/ha and 
three levels of phosphorus, viz., 30, 60 and 90 kg PpO^/ha. 
The levels of irrigation were assigned to the main-plots and 
combinations of nitrogen and phosphorus to sub-plots. They 
noted that an increase in number of irrigation, increased 
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nitrogen and phosphorus uptake, maximum being under two 
irrigations. Application of 20 kg N and 60 kg P 0 /ha signi-
ficantly enhanced nitrogen and phosphorus contents of grain 
as compared with 0 kg N and 30 kg P 0 /ha. Phosphorus and 
protein contents of the grain, however, were not influenced by 
any of the treatments. 
Sekhon gj^  al. (1983) carried out field trials during 
1972-75 in sandy-loam and during 1975-77 in loamy-sand soil 
on lentil var. L9-12. The seeds were inoculated with Rhizobium. 
In 1972-74, the experiment was conducted in sandy-loam soil 
after paddy harvest, using single superphosphate. The experiment 
comprised seven treatments, viz., no fertiliser, 25, 50 and 
75 kg Pp0p-/ha, as soil dressing at sowing and the same levels 
applied in two equal applications, half as soil dressing plus 
half as foliar spray, applied in 3 equal doses, i.e., before 
flowering, at flower initiation and at pod fonnation stage. 
During 1974-75 phosphorus at the rate of 25, 50 and 75 kg P^O^ 
as a soil dressing only was applied because of the fact that 
in the previous experiments no extra effect of foliar spray 
was noted. In 1975-77, the experiment was conducted in loamy 
sand soil, using 5 levels of phosphorus, viz., 0, 20, 40, 60 and 
80 kg P„Ot-/ha. In all tlie experiments, a uniform basal dose of 
25 kg N/ha was also applied and seeds were treated with 
Rhizobium before sowing. They observed that 50 kg P„Oc-/ha in 
1972-75 increased grain wield by 23 per cent, pods/plant by 
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42 per cent and nodulation by 46 per cent in sandy-loam soil. 
Phosphate at 40 kg/ha in 1975-77 increased seed yield by 
40 per cent, pods/plant by 56 per cent and nodulation by 46 
per cent in loamy- sand soil. It was also found that nodulation 
was more in the loamy sand soil in comparison with sandy loam 
soil. 
Two field experiments were conducted by Varma and felra 
(1983) on lentil var. L9-12 during 1976-77 and 1977-78 to study 
the effect of fertilisers and moisture regimes on grain yield. 
It was reported that application of 20 kg N and 60 kg PpO|-/ha 
proved optimum. Regarding the irrigation treatments, it was 
found that two irrigations (at 60 and 105 days after sowing) 
gave higher yield over one irrigation at 60 or 105 days and 
unirrigated control. 
Nema _e_t al_. (1984) conducted the field trials for 
three years during the winter seasons of 1974-77. The aim of 
the experiments was to study the response of lentil var.JLS-1, 
to irrigation and fertility levels. The experiment was carried 
out in a split*plot design with four replications. Six 
irrigation treatments were given in main plots and four 
fertility levels were applied to sub-plots. The irrigation 
treatments were L^  : (control) without irrigation; L^: single 
irrigation at pre-flov/ering stage 45 days after sowing (DAS); 
L^: single irrigation at post-flowering stage (75 DAS); 
L; : single irrigation during pod filling (65 DAS); L^ -: irrigati on 
23 
at both pre- and post-flowering stages (45 + 75 DAS); 
Lr'. irrigation at both pre-flowering and pod filling stages 
(45 + 85 DA3). The fertility treatments were: F^: (control); 
Fo^ inoculation with Rhizobium culture; F^ ,: inoculation + 2 5 
25 kg N/ha as urea; F^: inoculation + 25 kg N/ha + 50 kg P 0 /ha 
as single superphosphate. They concluded that irrigation 
significantly increased seed yield, plant height and 100 seed 
weight. Among the single irrigation treatments, preflowering 
irrigation L^ gave the highest seed yield, delayed irrigation 
causes marked reduction in seed yield. However, the 100 seed 
weight was significantly higher when the irrigation was given 
at pod-filling stage. Among the fertility levels, 
25 kg N + 50 kg PpO^ - + inoculation gave significantly higher 
seed yield than all other levels with an additional economic 
gain of Rs. 335/ha over the control. Moreover, it was found 
that two irrigations, one at pre-flowering and one at post-
flowering stage, along with higher fertility levels, showed an 
increase in seed yield of 134.170, over the control (no irrigation 
or fertilizer). 
Samiullah et_ a]^. (1984) carried out an e>;periment on 
(Lens culinaris L. Medic. var.T-36), to study the effect of 
three levels each of basal nitrogen (N) and phosphorus (P) at 
the rate of 15, 30 and 45 kg/ha in all possible combinations, 
with and without inoculum on yield parameters, namely, pod 
number/plant, pod length, seed no./pod, 1,000 seed weight and 
seed yield at harvest. The soil texture was sandy loam; 
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pH, 8,5 and available nitrogen, phosphorus and potassium, 171.2, 
26 and 613 kg/ha respectively. A uniform basal dose of 30 kg/ha 
potassium was applied to each plots. Urea, monocalcium 
superphosphate and muriate of potash were used as a source of 
nitrogen, phosphorus and potassium respectively. Seeding rate 
was 50 kg/ha. The trial was based on split-plot design and 
consisted of two main plots comprising nine 5 sq.m sub-plots. 
In one main plot, the seeds were treated with Rhizobium inoculum, 
while the other was without culture. Thus in all, there were 
eighteen sub-plots, each replicated thrice. 
The effect of sub-plot and main plot treatments, were 
found significant for most of the yield characteristics. Among 
sub-plot treatments, M,^ P^ p^  proved best for yield parameters. 
It increased pod number/plant, pod-length, seed number/pod, 
1,000 seed weight and seed yield by 46.7?o, 52.6^ 6, 83.0?^ , 12.0,0 
and 38.9^ 0 respectively compared with the lowest basal dose 
(N-ICP^C)* Cn comparing the values of main plot means, it was 
noted that the response of the crop was more pronounced in the 
presence of Rhizobium inoculum. The culture increased pod 
numiber/plant by 12.57o, pod-length by 7.7/o, 1,000 seeds by 1.5% 
and seed yield by 12.2 /-Q. The difference of main plot means at 
the same level of sub-plots showed that most of the yield 
attributes were higher with sub-plot treatments x culture than 
their counterpart, for both main plots, ^ -^45^ 30 P^ °^ i"-S optimum. 
On comparing sub-plot means at the same level of main plot, 
it was noted that most of the sub-plot treatments gave higher 
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values for all the yield attributing parameters than their 
respective control at each main plot levels. N,^P, with 
culture gave the best results, the per cent increases for 
yield attributes were 49.8, 50.5, 87.5 and 15.7 for pod number/ 
plant, pod length, seed nuraber/pod and 1,000 seed weight 
respectively over the control, i.e., lowest basal dose (N^ - >: P-ic) 
with culture. These parameters were further found to be 
positively correlated with seed yield having correlation 
coefficient (r) = + 0.935, + 0.856, + 0.874 and + 0.840 
respectively. 
Akhtar e_t al^ . (1987) reported the findings of a field 
experiment conducted on lentil (Lens culinaris L. Medic.) 
cv. T-36 according to split plot design. The soil was sandy 
loam, pH 8,5 and available nitrogen, phosphorus and potassium: 
171.2, 26.0 and 913.0 kg/ha. Three doses, each of basal 
nitrogen and phosphorus (15, 30 and 45 kg N or P/ha) in nine 
possible com.binations, namely, N^^P^^, N^^P^^, N^^P^^, N^^F^^, 
^30^30' ^ 3 0 % ' ^5^15' ^45^30 "^"^  ^ ^45^5 ^^ "^ ^ applied as 
sub-plot treatmients. The two main plots received Rhizobium 
inoculated and uninoculated seeds at the rate of 20 kg/ha. 
A uniform basal dose of potassium was applied at the rate of 
30 kg K/ha. The size of each plot was 5 sq.m. Thus, in all 
there were eighteen treatments each replicated thrice. Urea, 
m.onocalcium superphosphate and muriate of potash were used 
as sources of nitrogen, phosphorus and potassium respectively. 
In main plots it was observed that inoculum increased the leaf-
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NPK and seed p r o t e i n c o n t e n t s compared with the un inocula ted 
c o n t r o l . On comparing the v a l u e s of sub -p lo t means, i t was 
found t h a t t r e a t m e n t N,^P-;r^ was optimum for leaf-MPK conten t s 
a t a l l the t h r e e growth s t a g e s and seed p r o t e i n con ten t a t 
h a r v e s t . However, more pronounced r e s u l t s were obta ined in the 
i n t e r a c t i o n M/r-P z^o ^ Rhizobium. The leaf-NPPC con ten t s a t the 
t h r e e growth s t a g e s (60, 90 and 120 days) showed a s t rong and 
c o n s i s t e n t c o r r e l a t i o n with seed y i e l d and seed p r o t e i n content , 
On the b a s i s of t h i s s tudy i t may be suggested t h a t leaf-NPK 
con ten t a t e a r l y growth s t ages could be r e l i a b l y employed to 
c o r r e c t d e f i c i e n c i e s of n i t r o g e n , phosphorus and potassium so 
as t o ensure high p r o d u c t i v i t y and good q u a l i t y of the l e n t i l . 
2 . 3 . 2 Vigna r a d i a t a L. Wilczek (Moong) 
Sreenivas e_t al_. (1968) conducted a f i e l d t r i a l on 
moong (Phaseolus a u r e u s ) v a r . China-781, dur ing four years from 
1960-61 to 1965-66. Three l e v e l s of P^O^ and farm yard manure 
(F.Y.M.) were a p p l i e d in s ix p o s s i b l e c o m b i n a t i o n s , v i z . , 
No P20^ + No F.Y.M., 22.42 kg P^O /ha + No F.Y.M., 
44.84 kg P^O^/ha + No F.Y.M., No P^O + 5,600 kg F.Y.M./ha, 
22.42 kg P^O /ha + 5,600 kg F.Y.M./ha and 44.84 kg P^O /ha + 
5,600 F.Y.M./ha. The data revea led t h a t a p p l i c a t i o n of PpOn 
to moong crop s i g n i f i c a n t l y inc reased the y i e l d in t h r e e years 
out of fou r . I t was a l s o noted t h a t phosphorus app l i ed a lone 
a t the r a t e of 44 .84 kg P20c-/ha gave s i g n i f i c a n t i n c r e a s e of 
0.71 q/ha seed over c o n t r o l . On the o the r hand, F.Y.M. had no 
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significant effect on seed yield. Therefore, 44.84 kg PpO^/ha 
was recommended for this veriety of raoong. 
Lochaiyukul e^ al.. (1970) conducted a field trial to 
find out the effect of nitrogen and plant population on 
morphology, development and yield of uninoculated mungbean 
(Phaseolus aureus). They applied 0, 50 or 100 kg N/ha and 
maintained a population of 1,04,000, 2,08,000, 3,12,000 or 
4,16,000 plants/ha at four sites on a hill. They observed 
that application of nitrogen was important for early growth 
of the crop but did not prove useful for later stages of 
development, perhaps due to the effective N^ fi:<ing Rhizobium 
present in the soil. For plant population, it was observed 
that higher population increased leaf area index, total dry 
matter, all grov/th components at all stages of growth and seed 
yield at harvest. 
Arora and Luthra (1971) conducted a pot experiment with 
silica sand to study the effect of nitrogen, phosphorus and 
potassium alone and in combination on the nitrogen metabolism 
of leaves of Phaseolus aureus Linn. var. Jalgaon 781 . They 
used two doses of nitrogen (15 and 30 ppm), three of phosphorus 
(20, 40 and 60 ppm) and four of sulphur (30, 60, 90 and 120 ppm). 
A control (Np^ n^^ n^  ^ ^^ also included in the schem.e. Leaf samples 
were collected at 15, 30, 50 and 75 days after gennination. They 
noted that all the nitrogen fractions in the leaves decreased 
with advancement of the age of the crop except the amide and 
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ammoniacal nitrogen which increased upto 30 days and then 
started to decrease. Regarding the effect of nutrients, it 
was noted that the highest dose of N (30 ppm) in combination 
with 20 ppm P and 120 ppm S proved optimum for amide nitrogen 
and nitrate nitrogen contents in the leaves at 15 and 30 day 
stages. P at the rate of 60 ppm in combination with 120 ppm 
S and 15 ppm N decreased the contents of amino nitrogen, amide 
nitrogen, ammoniacal nitrogen and nitrate nitrogen compared 
with other combinations of N, P and S at all grov/th stages. 
The effect of S, in combination (90 ppm S, 30 ppm N and 
50 ppm P) proved optimum for total nitrogen, protein nitrogen 
and total soluble nitrogen at 15 and 30 days but this combina-
tion decreased amino, amide, ammoniacal and nitrate nitrogen 
contents in comparison with other combinations. 
Choudhry and Bhatia (1971) carried out a field trial 
on moong var. Pusa Baisakhi, on sandy loam soil of low 
fertility. They observed the effect of fertilisers (125 kg 
airjnonium sulphate alone and in combination with 200 and 400 kg 
superphosphate/ha on the productivity of this crop . These 
fertiliser treatments were given by three different methods 
(broadcast, drilled with seeds and placed 5-6 cm below the 
seeds). They noted that application of 125 kg ammonium 
sulphate applied without super phosphate below the seeds gave 
best results compared with the same amount of fertiliser applied 
by the other two methods. It increased the average yield 
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from 4.7 q/ha in the control to 8.1 q/ha, about 22.7 per cent 
increase over broadcast application and 72.3% over the no 
fertiliser control. The application of 125 kg ammonium 
sulphate in combination with 200 kg superphosphate further 
increased the yield to 10.6 q/ha when placed below the seeds. 
A combination of 125 kg ammonium sulphate and 400 kg 
superphosphate/ha, placed below the seeds, had a more 
spectacular effect. It enhanced the yield from 4,7 q in the 
control to 12.7 q/ha which was 35.1 per cent higher than in 
broadcast. 
Singh and Choubey (1971) carried out a field experiment 
on moong at Jabalpur to test the efficiency of three Rhizobium 
strains (strain A, B and C). The efficiency was compared with 
the application of various levels of nitrogen (O, 20, 40 and 
80 kg N/ha), applied in the form of ammonium sulphate. It 
was noted that all the three strains significantly increased 
the yield over the no inoculation or no nitrogen application. 
Among three strains of Rhizobium used, strain A proved best 
for the productivity of moong. When efficacy of all three 
strains was compared with different levels of nitrogen, it was 
found that all three strains were more efficient than the 
application of 20 kg N/ha. However, strain A proved as good 
as 40 kg N/ha. It was concluded that proper inoculation 
with an efficient strain of Rhizobium may be considered a 
good technique for enhancing the yield of moong. 
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Arora and Luthra (1972) studied the effect of N, P and 
S on the protein content of seeds of (Phaseolus aurens Linn.) 
var. Jalgaon 781 . They found that protein content was increased 
by the application of sulphur, phosphorus and nitrogen from 
19.69% to 24.31%. Moreover, the combined effect of these 
nutrients was more pronounced on protein content in comparison 
with their single application. The sulphur containing amino 
acids (methionine, cysteine and cystine) were increased with 
increasing doses of sulphur upto 90 ppm. Phosphorus, at 
lower levels, slightly increased the contents of these amino 
acids when applied alone; but in combination with higher 
levels of sulphur and nitrogen, the contents of these amino 
acids were decreased. Higher dose of nitrogen (30 ppm) 
decreased the contents of methionine,cysteine and cystine. The 
sulphur containing amino acids showed significant positive 
correlation with protein content of the seed. 
Moula and Krishnamoorthy (1972) conducted a pot 
culture experiment to study the performance of moong (HB-45) 
grown with recommended doses of the macro-nutrients (N-10, 
P Of- -50 and K„0-30 kg/ha) in relation to growth and uptake of 
N, P, K, Ca, Mg and Mn, The growth, as measured by dry matter 
production, was almost curvilinear. Absorption of all the 
plant nutrient elements followed closely the dry matter pattern. 
There was only one peak rate of dry matter production and 
absorption of all nutrients studied which coincided with 
intense vegetative growth and flower and pod initiation phase 
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occuring between 30th and 40th day. Nitrogen and phosphorus 
preferentially accumulated in pod, while the other elements 
were found in the vegetative portion. The crop produced 
1,700 kg/ha total dry matter, of which 640 kg comprised the 
grain and absorbed 30, 11 and 18 kg/ha, N, P„0 and K 0 
respectively in the ratio of 1.0:0.3:0.5. The study showed 
that the application of N, P2O5 and K^ O at 10, 50 and 30 kg/ha, 
along with a basal dose of 7,500 kg of well rotted FYI4, might 
be expected to meet the requirement of both secondary and 
micronutrient elements of the crop. 
An experiment was conducted by Pande (1972) on Pusa 
Baisakhi moong during " rabi " season of 1970. He applied 
three levels of nitrogen (O, 30 and 60 kg N/ha) and four levels 
of phosphor-US (O, 30, 60 and 90 kg P^ O /ha) alone and in 
combination to study their effect on grov/th and yield 
characteristics. The increasing levels of nitrogen increased 
plant height, average weight of seeds/pod, grain yield and 
husk yield/ha. Among nitrogen levels, the highest seed yield 
of grain (8.61 q/ha) and husk (74.4 q/ha) was obtained with 
50 kg N/ha and among phosphorus levels, the maximum grain 
(8.39 q/ha) and husk (58.1 q/ha) was produced in 90 kg P/ha. 
The effect of nitrogen as well as of phosphorus was non-
significant on the other parameters. The control gave m.inimum 
values. The response of the crop was more spectacular with 
combined application of 60 kg N and 90 kg P/ha and this 
32 
treatment gave 1C.35 q/ha grain yield, while the lowest yield 
of 3.98 q/ha was obtained in the N P control. However, the 
application of 30 kg each of N and PpO proved economical. 
Sahu and Behera (1972) studied the response of green 
gram (Phaseolus aureus) to inoculation and application of 
phosphorus (22 kg P/ha) alone and in combination and compared 
it with control, in a sandy loam soil during the year 1966-67. 
They found that the effect of the combined treatment (inocula-
tion + phosphorus) was more pronounced than that of inoculation 
or phosphorus alone. They also noted that nitrogen content in 
shoot and root increased gradually till flowering and declined 
thereafter. This trend might be due to the translocation of 
nitrogen to grain for protein synthesis. Number of nodules/ 
plant increased till the formation of pods and then decreased 
due to their degeneration. Application of phosphorus in 
combination with inoculum increased the protein content of 
grain by 1 .3% compared to the control, 
Venugopal and Morachan (1974a) conducted a field trial on 
two varieties of moong (Rajendran and Pusa Baisakhi) during 
" Kharif •' 1972 according to a split plot design. Four levels 
each of nitrogen (0, 10, 20 and 30 kg N/ha) and phosphorus 
(O, 20, 40 and 60 kg P„0 /ha) were combined factorially and 
assigned to main plots. The sub-plots received the two varieties 
of moong. Plant samples were collected at 30 (pre-bloom), 
45 (bloom) and 60 days (maturity) to study the uptake of NPK, 
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Leaf nutrients were noted to be maximum at pre-bloom stage 
(30 days). Variety Rajendaran showed more _ nitrogen 
uptake than Pusa Baisakhi. Regarding the effect of fertilisers 
on NFK uptake, phosphorus application increased nitrogen uptake 
when low levels of nitrogen were applied. It was also noted 
that in the absence of nitrogen (N^), 40 and 60 kg P 0 /ha 
did not bring about a corresponding increase in phosphorus 
content. Combined application of 30 kg N and 60 kg P 0 /ha 
resulted in reduced K content. Regarding dry matter production, 
it was observed that variety Rajendaran produced more dry 
matter than Pusa Baisakhi. Application of 30 kg nitrogen and 
40 kg P 0 /ha alone proved optimum for this parameter. 
Considering pod number/plant and 1,000 seed weight, it was 
found that Pusa Baisakhi moong produced more pods; however, 
seeds were heavier in Rajendaran, Application of 20 kg P 0 /ha 
and 30 kg N/ha separately proved optimum for pod number and 
1,000 seed weight respectively. With regard to seed yield, 
variety Pusa Baisakhi out-yielded Rajendaran and gave optimum 
yield with the application of 20 kg P^ O /ha alone. 
Venugopal and Morachan (1974b) conducted field trials 
in two seasons, viz., *' Kharif" and " rabi" , under irrigated 
conditions on the same varieties of moong with the same 
nutrient treatments as in their previously described experiment 
(1974a). Comparing the growth parameters, it was noted that 
variety Rajendaran grew taller having larger leaf area index 
and produced one and a half time more dry matter than 
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Pusa Baisakhio The seasonal variations seemed to play a 
prominent role in detenninig the performance of these varieties 
as the dry matter production was almost double in " kharif" 
than in "ra'oi" » Consequently, seed yield in winter was found 
to be reduced to one third. According to these workers, tne 
decrease in dry matter production and seed yield was perhaps 
due to low temperature and low humidity. On the basis of 
these observations, it was suggested that " kharif" season 
was good for the cultivation of moong. When the seed yield 
of these varieties was compared, it was observed that mean seed 
yield of Pusa Baisakhi was almost double that of Rajendaran. 
It was also found that nitrogen application had no significant 
effect on seed yield, while phosphorus, at the rate of 20 kg 
P-O^/ha, proved optimum and economical and gave 83 kg/ha more 
seed yield than the control. 
Kaul and Sekhon (1975) studied the effect of various 
levels of phosphorus and row spacing on mungbean (Vigna 
radiata L.) var. MLI during the " kharif" seasons of 1972 and 
1973 in a split plot field experiment. In 1972, four levels 
of phosphorus, viz., 0, 40, 80 and 120 kg P 0 /ha and three 
row spacings (50, 45 and 60 cm) were included in the scheme 
while in 1973, five levels of phosphorus, viz., 0, 20, 40, 60 
and 80 kg P 0 /ha with two row spacings (30 and 45 cm) were 
tried. They assigned phosphorus levels to main plots and row 
spacings to the sub-plots. In addition, nitrogen as calcium 
ammonium nitrate at the rate of 15 kg N/ha was also applied 
35 
to all the plots in both the years. During 1972, no response 
to phosphorus application was observed due to initial hi^h 
phosphorus status of the soil (19 kg P/ha). In 1973, dry matter 
production, pod number/plant and grain yield v/ere increased 
upto 80 kg P 0 /ha, while increase in plant height and seed 
number/pod was noted upto 60 kg PpOc• However, the values given 
by 60 and 80 kg P 0 /ha were at par with those for hO kg P 0 /ha, 
proving 40 kg P 0 /ha optimum. In this later trial, the 
observed response to phosphorus application might be due to lov/ 
initial phosphorus status of the soil (10.2 kg P/ha). 
A field experiment on two varieties of moong (J-781 and 
H-45) was conducted by Singh et al_. (1975a) during the " kharif" 
seasons of 1970 and 1971. The treatments comprised four basal 
levels of phosphorus (0, 25, 50 and 75 kg P^O^/ha) and two of 
nitrogen (O and 25 kg N/ha). These nutrients were applied 
singly as well as in various combinations. Single superphosphate 
and ammonium nitrate were used as the source of phosphorus and 
nitrogen respectively. It was noted that H-45 gave superior 
yield compared with J-781 in both 1970 and 1971. Variety H-45 
also had higher protein content than J-781 . Application of 
25 kg N/ha increased the seed yield by 20.44 and 15.13% over 
control (no nitrogen) in 1970 and 1971 respectively. The 
application of nitrogen had no marked effect on protein content 
of the grain. Regarding the effect of phosphorus, it was noted 
that application of 25, 50 and 75 kg P 0 /ha increased the mean 
grain yield by about 42, 68 and 71 per cent respectively over 
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the no phosphorus control. The two higher doses of phosphorus 
gave higher protein percentage in grain over 25 kg P 0 /ha and 
the control. The combination of nitrogen and phosphorus 
(25 kg N + 75 kg P 0 /ha) gave maximum average yield. However, 
the value was at a par with that given by 25 kg N + 50 kg P 0 /ha 
Singh et_ al^ . (1975b) conducted a field trial on moong 
(Phaseolus aureus Roxb.) during the summer season of 1971 and 
1972. They applied four levels of basal nitrogen (O, 10, 20 
and 30 kg N/ha) and phosphorus (O, 20, 40 and 50 kg P 0 /ha) to 
study their effect on pod number/plant, grain number/pod, 
1,000 grain weight and grain yield. Increasing levels of 
nitrogen upto 20 kg N/ha enhanced all the yield attributes 
except 1,000 grain weight. This dose resulted in highest grain 
yield 17.98 q/ha, while control (no nitrogen) gave lowest yield 
(15.48 q/ha). Application of phosphorus upto 60 kg P^ O /ha 
increased all yield parameters including seed yield that was 
7.81 q/ha, v;hile control (no phosphorus) gave 5.15 q/ha. 
Panwar et_ al^ . (1976) reported the findings of a field 
e/.'periment conducted on moong (Phaseolus aureus L.) during the 
kharif'''season of 1971 and 1972, The treatments comprised three 
levels each of basal nitrogen (O, 15 and 30 kg N/ha) and 
phosphorus (O, 30 and 6o kg P 0 /ha) in 1971; but in 1972 one 
more level of phosphorus (90 kg P_0 /ha) was included in the 
trial. The effect of nitrogen was non-significant during both 
the years, while phosphorus application showed a significant 
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gradual increase in seed yield upto 60 kg P 0 /ha. A reduction 
in yield as a result of the application of the highest dose 
(90 kg P 0 /ha) was found in comparison with 60 kg P 0 /ha. 
From this experiment, it was concluded that 51 kg P^ O /ha was 
optimum as well as economical. 
A green house pot culture experiment on moong (Phaseolus 
aureus L.) var. G-65 was conducted by Aulakh and Pasricha (1977) 
in a sandy loam soil low in available sulphur and phosphorus. 
The treatments were in factorial combination of five levels 
each of basal sulphur and phosphorus (O, 5, 10, 20 and 40 ppm 
P or S) applied as CaSO, .2H2O and Ca(H2P0^)2. H^ O respectively. 
In addition, a uniform dose of 25 ppm N as urea, 50 ppm K as 
KCl and 10 ppm of Zn as ZnCl- was also given. They observed 
that sulphur application reduced the phosphoins content both 
in straw and grain, while it was increased by phosphorus 
application. On the other hand, application of sulphur increased 
the S content in straw only, while phosphorus level did not 
affect the S content in straw. However, in grain, S content 
was decreased with phosphorus treatments. Phosphorus at the 
rate of 5 or 20 ppm gave significantly lower values of S content 
in comparison with control. Regarding dry matter production, 
it was noted that higher levels of phosphorus (20 and 4C ppm) 
increase grain and straw yield markedly, while sulphur application 
showed inhibitory effect particularly on grain yield. Protein 
content in grain was increased by the application of sulphur. 
On the other hand, phosphorus application decreased the protein. 
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From these data, it was concluded that interaction effect (P>:S) 
significantly decreased the nutrient uptake, grain yield and 
protein content. 
Two experiments were laid out under irrigated conditions 
by Ramakrishnan et_ al_. (1977) during " kharif" season of 1974 
and 1975 to study the effect of various combinations of nitrogen 
and phosphorus on the yield of moong var, CO-2. In 
Experiment 1, they applied nitrogen at the rate of 12.5, 25.0, 
37.5, 56.0 and 62.5 kg N/ha in combination with 50 kg P^ O /ha 
while in Experiment 2, they applied nine combinations of nitrogen 
and phosphorus (25:50, 25:100, 25:200, 50:50, 50:100, 50:200, 
100:50, 100:100 and 100:200 kg N:P20^/ha). The sources of 
nitrogen and phosphorus were anmionium sulphate and super-
phosphate respectively. In both experiments the treatment 
consisting of 50 kg each of N and P^O-Zha proved economical for 
grain yield (11.57 q/ha in 1974 and 14.23 q/ha in 1975). The 
pooled analysis of both years' data revealed that the combina-
tions 50:50 and 62.5:50 were at par, giving grain yield of 
11.28 q/ha and 11.38 q/ha respectively in 1974 and 1975. 
Singh (1977) performed field trials for three " kharif" 
seasons from 1968 to 1970 on a loamy sand soil on moong 
(Vigna radiata Wilczek) var. RS-4 and observed the effect of 
four fertility levels, viz., no nutrient, 20 and 30 kg P^ O /ha 
alone and in combination with or without inoculum. In 1968, 
it was found that inoculum alone increased the yield of moong 
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crop upto 51% in comparison with the no inoculum control. 
However, the yields given by the application of either 20 kg N 
or 30 kg, PpOc o^ 20 kg N + 30 kg PpO^ - with or without inoculum 
did not show significant differences. During 1970, the trend 
of results on yield was almost the same as noted in 1968. 
Phosphorus alone failed to increase yield while nitrogen 
increased it by a 9%. He also observed that the number of pods/ 
plant and pod length were not influenced by any of the treatments. 
However, inoculation increased the size of root nodules with or 
without fertiliser treatment. 
A field experiment under rainfed condition was conducted 
by Gowda and Gowda (1978) on red sandy loam soil having medium 
fertility during " Kharif" season of 1974 to study the response 
of moong to nitrogen, phosphorus and potassium application. 
These nutrients were supplied basally at the rate of 30 kg N, 
60 kg P and 20 kg K/ha individually and in combination. 
Unfertilised control (NQPQ^O^ ^^^ ^ "^ ^^  included in the trial. 
Ammonium sulphate, single superphosphate and muriate of potash 
were used as the source of nitrogen, phosphorus and potassium 
respectively. They observed all yield attributes, including 
pod yield and grain yield, but response to potassium was non-
significant. Among these three nutrients, the effect of 
phosphorus was more pronounced. The combined dose of NPK 
fertilisers further boosted the pod as well as grain yield. 
It was concluded that moong could be grown profitably with the 
application of only phosphoruSj, However, they also noted that 
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for ideal yields, application of nitrogen and potassium should 
not be ignored. 
Kushwaha and Srivastava (1978) conducted a field 
experiment on moong (Phaseolus aureus Roxb.) var. T-44 in 
" Kharif" season of 1976. They applied two levels of 
nitrogen (0 and 15 kg N/ha), three of phosphorus (O, 40 and 
80 kff P^O^/ha) and two of inoculum (no inoculation and o 2 5 
inoculation) to study the effect of test weight, protein, 
methionine and tryptophan contentsof grain-. It was noted that 
application of inoculum and phosphorus alone increased most of 
the parameters, while their interaction effect was non-
significant. Regarding test weight and protein content, it was 
noted that application of inoculum, 15 kg N and 80 kg P 0 /ha 
individually increased these parameters over their respective 
controls. Similarly, application of 15 kg N and 80 kg P^ O /ha 
alone increased methionine content but the effect of inoculum 
was non-significant. When the value of tryptophan content was 
taken into consideration, it was found that there was no 
effect of nitrogen alone, while application of inoculum and 
phosphorus individually decreased its content compared with 
their respective controls. 
Panwar et_ al^ . (1978) observed the effect of four levels 
of phosphorus (O, 30, 60 and 90 kg P 0 /ha) in the form of 
superphosphate on five varieties of moong(T-44, K-141, K-851, 
Sheela and S-8). The field trial was conducted according to 
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the split plot design, assigning main plots to varieties and 
sub-plots to phosphorus levels. A uniform basal dose of 15 
kg N/ha was also applied as urea to the soil. Among different 
levels of phosphorus, 60 kg P 0 /ha gave maximum yield and 
1,000 grain weight of all varieties. Regarding varietal 
differences, it was noted that K-851 out-yielded all other 
varieties. It followed by S-8, T-44, Sheela and K-141 in that 
order with regard to seed yield. Interaction effect 
(variety x treatment) was non-significant. The economical dose 
was concluded to be 48.2 kg PpO /ha. 
Nair and Aiyer (1979) performed a field trial on a short 
duration moong variety Co-1 to study the effect of different 
levels and forms of phosphate on seed yield and removal of 
nitrogen and phosphorus by the crop. The treatments included 
a control, lime (CaO) at 500 kg/ha and three levels of 
phosphorus (15, 30 and 45 kg P 0 /ha). Phosphorus was applied 
from three sources, viz.-, Mussourie rock phosphate, super-
phosphate and factomphos (16:20). The dose of CaO included 
with phosphorus treatments was maintained at the rate of 
500 kg/ha, keeping the nature of phosphorus in view, there 
was a reduction in amount of CaO when it was given with 
Mussourie rock phosphate. The fertility of the soil with 
regard to nitrogen and potassium was maintained at the rate of 
20 kg N and 10 kg KpO/ha. They concluded that the response of 
the crop in relation to yield was limited upto 15 kg P 0 /ha 
only, and there was no significant response to the different 
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forms of phosphorus. Taking nitrogen and phosphorus contents 
of grain and straw into consideration, it was observed that 
both were increased with increasing levels of phosphorus. 
However, different forms of phosphorus again did not show any 
effect on these two important yield parameters. 
In a split plot block design, Vasimalai and Subramaniam 
(1980) studied the effect of five levels of phosphorus (O, 25, 
50, 75 and 100 kg P/ha) and four irrigation regimes (0.4, 0.5, 
0.8 and 1.0 Iw/CPE ratios) on various yield parameters of 
moong var, Pusa Baisakhi. They assigned fertility levels to 
sub-plots and moisture regimes to main plots. It was found 
that the effect of phosphorus levels and moisture regimes had 
significant effect on plant weight, branching, leaf area index, 
number of pods/plant, 1,000 seed weight and seed yield. 
Application of phosphorus at the rate of 50 kg P/ha and IW/CPE 
ratio of 0.8 proved optimum for seed yield presumably due to 
the maximum increase in pods/plant in comparison with control. 
The combination (P^Q ^  0.8 Iw/CPE) further enhanced the 
productivity of the crop over the control (PQ X 0.4 IW/CPE). 
Khamparia et_ al_. (1981) carried out a field trial on 
three summer moong varieties during summer season of 1979 under 
irrigated conditions. They applied four levels of fertilisers 
(control, 10 kg N + 20 kg P 0 + 10 kg K O/ha; 20 kg N + 40 kg 
P^ O + 20 kg P^ O /ha and 40 kg N + 60 kg P^ O + 40 kg K^O/ha) 
and two levels of inoculum (no inoculum and Rhizobium inoculum) 
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in main plots and the three moong genotypes (Pusa Baisakhi, 
Jawahar-1 and Kopergon) in sub-plots. They reported that all 
fertility levels significantly increased pod number/plant, 
pod length, seed number/pod, test weight, seed yield and seed 
protein content compared with control. The dose 40 kg N + 
60 kg P„0 + 40 kg K^O/ha proved most effective. This treatment 
increased seed yield by 38/6 over unfertilised control. 
Application of inoculum also increased all parameters signi-
ficantly, except test weight compared with uninoculated 
control. Among varieties, it was found that Pusa Baisakhi 
out-yielded the two others and gave maximum yield with 
40 kg N + 60 kg P^ O + 40 kg K^O/ha. 
A split-plot fertiliser trial was carried out by Panwar 
and Singh (1981) on moong var. K-851 during summer season of 
1978. They applied four levels of phosphorus (O, 30, 60 and 
90 kg P 0 /ha) in sub-plots and two levels of first irrigation 
at 18 and 28 days and three levels of subsequent irrigation at 
10, 15 and 20 days in main plots. A uniform basal dose of 
nitrogen at the rate of 15 kg N/ha was also applied to the 
soil. Nitrogen and phosphorus were applied in the form of urea 
and monocalcium superphosphate respectively. Regarding the 
fertility treatments, it was found that application of 
30 kg P^ O /ha proved optimum for active nodule number, grain 
number, 1,000 grain weight, grain yield and grain protein 
yield but number of pods/plant and grain protein content were 
maximum in 60 kg P_0 /ha. They concluded that 40 kg P 0 /ha 
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was economical with regard to yield. Taking the effect of 
irrigation treatment on various parameters into consideration, 
it was noted that first irrigation at 28 days after sowing 
significantly increased number of grain/pod, 1,000 grain weight, 
grain yield and grain protein yield while subsequent irrigation 
at an interval of 10 days significantly increased seeds/plant, 
grain number, grain yield and grain protein yield. 
A field experiment was conducted by Goverdhan and 
Manohar (1982) during the monsoon season of 1978 to study the 
effect of phosphorus levels, t^SO^ and micronutrient spray on 
uptake of nutrient and quality of green gram. They applied 
three levels of basal phosphorus, viz., 0, 30, 60 kg P 0 /ha 
and five levels of foliar spray i.e., control; 0.1?^  ^ pSO,; 
0,5% FeSO, ; 0.59^  MnSO, , and 0.5% ZnSO, respectively. A 
uniform basal dose of 5.5 tons/ha FYM and 15 kg N/ha as urea 
were also applied before sowing. • Phosphorus was applied as 
single superphosphate. Thus, in all there were 15 treatments. 
The spi^ying was done at 30 and 45 days of sowing. They 
noted that the application of 60 kg PpO^ followed by 30 kg P^ O /ha 
significantly increased the nitrogen, phosphorus and protein 
contents in grain and straw respectively. Foliar application 
of HpSO, increased the uptake of PpO significantly over 
control, contrary to this, it decreased the nitrogen uptake 
significantly incomparison to control. Further it has been 
noted that the uptake of nitrogen and phosphorus by the green 
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gram significantly increased due to application of ZnSO,, 
FeSO, and MnSO,. The maximum,uptake, however, was recorded 
with ZnSO,, which gave 56.8% increase in the uptake of 
nitrogen and 21 .1% more protein in straw and grain respectively 
over the control. The interaction effect of P„Oj- and micro-
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nutrients was found significant on protein content of green 
gram. Maximum protein content in the grain was recorded by 
the combination 30 kg PJ^a x 0.5% FeSO, . Maximum phosphorus 
content in the grain was recorded by 0 kg PpO x 0.1% b" SO, , 
followed by 30 kg P20^ x 0.5% ZnSO^. 
Samiullah et_ al_, (1982) performed a factorial randomised 
field trial on the effect of basal nitrogen and phosphorus 
and of their interaction on yield characteristics of summer 
moong (Vigna radiata var, T-44). They applied four levels of 
nitrogen (O, 10, 20 and 30 kg/ha) and four levels of phosphorus 
(O, 30, 45 and 60 kg P 0 /ha) as urea and superphosphate 
respectively. They studied five yield parameters, namely, pod 
number and pod length, seed number, 1,000 seed weight and seed 
yield. At harvest, it was found that moong showed a significant 
response to both nitrogen and phosphorus application regarding 
all yield parameters. It was noted that 20 kg N and 60 kg 
P Oj-/ha, separately as well as in combination, proved optimum 
for most of the yield characteristics. The per cent increase in 
seed yield due to nitrogen (N^Q) and phosphorus alone (P^Q) 
over N„ and P was 20,5 and 21,0% respectively, while 
interaction (N x P ) showed on increase of 33.4% over NQ^PQ* 
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Paricha e_t al, (1983) conducted a field trial during 
1981-82 on green gram (Vigna radia L. V/ilczek var. ML-131) to 
study the effect of inoculation, N-application and molybdenum. 
The soil was low in Mo status and N-fertility. The observed 
nodules in Mo treated plants were larger in size, more in 
number and contained higher amount of Mo, The N-concentration 
in the leaves was higher than the concentration in other plant 
parts. The reserve pool in the leaves contained more protein -
nitrogen in Mo treated plants and accounted for 30% of the 
mobilised nitrogen to the pods. The nitrate reductase (NR) 
activity in the leaves of Mo treated plants was also higher. 
Mo application alone gave 26.4% more yield in the inoculated 
plants equalling 25 kg/ha of nitrogen fertilisation. 
A field experiment was conducted by Raju and Varma (1984) 
during summer season of 1979 and 1980 on summer moong (Vigna 
radiata var. Pusa Baisakhi), to study the effect of Rhizobium 
inoculation in relation to fertiliser nitrogen application. 
Four levels of nitrogen in the form of urea, viz., 15, 30, 45 
and 60 kg N/ha were applied in the presence and absence of 
Rhizobium inoculation. A uniform basal dose of 50 kg P 0^ /ha 
was also given to all the treatments in the form of single 
superphosphate. There was significant improvement in nodulation 
in respect of nodule number and nodule dry weight per plant 
due to Rhizobium treatment alone or to Rhizobium in combination 
with 15 kg N/ha over the rest of the treatments. The same 
treatment produced maximum dry weight/plant, pod number/plant, 
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1,000 grain weight, protein yield and nitrogen uptake. Maximum 
grain yield of 853 kg/ha accounting for 39% increase over 
control was recorded by Rhizobium + 15 kg N/ha. It was also 
observed that application of nitrogen at higher levels either 
alone or in combination with Rhizobium depressed nodule 
formation. 
In a factorial randomised field experiment, Akhtar e_t al. 
(1986) grew summer moong (Vigna radiata L. Wilczek var. T-44) 
with combined doses of nitrogen and phosphorus, with and without 
Rhizobium inoculation. There were two main plots, one with 
inoculation and the other without inoculation and six sub-plot 
treatments, i.e., N^oP3o, I^^Q^^Q. N^Q^^J. li^^P^y ^^^^^ and 
N„^P^^. A uniform dose of potassium at the rate, of 20 60 
(40 kg K-,0 /ha) was also applied to all plots. Urea, 
monocalcium superphosphate and muriate of potash were used as 
sources of nitrogen, phosphorus and potassium respectively. 
Thus, in all there were twelve treatments each with three 
replications. Among sub-plot treatments, the response of the 
crop in relation to growth characteristics was not definite 
for any specific dose of fertiliser. However, yield parameters 
showed a clear pattern, with N^o^60 ^^^^^^ maximum value for 
all the yield characteristics, except 1,000 seed weight which 
was maximum with Np^P^. However, N. Pg^ ^ was a close second 
to Npp^P^. When the differences between the main plot means 
at the same level of sub-plots were considered, it was found 
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that most of the growth characteristics and all yield parameters 
gave higher value in the inoculated sub-plots than in the 
corresponding uninoculated sub-plots. When the values for the 
differences of sub-plot means at the same level of main plot 
treatments were examined for yield parameters, it was noted 
that N^^Pr^ proved optimum and increased pod number/plant, pod 10 bu 
length, 1,000 seed v/eight, pod weight and seed yield by 34.17, 
19.81, 9.94, 28.63 and 64.25% respectively compared with the 
lowest dose (N^„P^^ with inoculum). However, for most of the 
growth parameters, N^QP^Q with inoculum proved better. On 
comparing the values for main plot means, significant response 
was noted with regard to growth as well as yield parameters. 
For most of the characteristics, inoculation gave higher 
values than the corresponding uninoculated plots. For yield 
parameters, inoculum increased pod number by 21.58%, pod length 
by 17c6l%, 1,000 seed weight by 5.4%, pod yield by 12.30% and 
seed yield by 21.81% over no inoculation. The study also 
showed that, at 40 days (flowering stage), leaf number/plant, 
root nodule number/plant and dry weight/plant were positively 
correlated with seed yield. Correlation coefficient (r) 
being +0.580, +0.838 and +0,440 respectively. The same 
pattern was also found for pod number/plant, pod length, seed 
number/pod, 1,000 seed weight and pod yield (r = +0.89, +0.59, 
+0.61 and+0.91 respectively). Therefore, it was concluded that 
at least 60 kg P 0 /ha in combination with 10 kg N/ha may be 
applied basally with Rhizobium culture to moong under local 
conditions so as to get optimum returns. 
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Sekhon e_t al_. (1986) conducted a pot culture 
experiment on moong (Vif;na radiata) to study the effect of 
nitrogen on nitrate reductase activity in the nodules and 
leaves. They included various levels of nitrogen, viz., 0, 3, 
5, 9 and 12 mg/kg in the form of urea, with uniform basal 
dose of 20 rag/kg phosphorus and 5 mg/kg Zn, in pots containing 
8 kg of soil. The seeds were inoculated with appropriate 
Rhizobium culture. A control with uninoculated seeds and 
without nitrogen was also taken. At 26 days after sowing (DAS), 
nodules of the inoculated plants showed higher NR activity 
than those of the uninoculated plants. Therefore, the effect 
of various nitrogen levels was studied in inoculated plants 
only. It was observed that increasing concentrations of 
nitrogen upto 6 mg/kg significantly increased NR activity. 
Further increase in concentration decreased NR activity. The 
same trend was also found in leaves; but the NR activity was 
higher in the nodules. The soluble protein and NO^ contents 
were found to be highest at 6 mgN/kg, whereas, the ma:;<imum sugar 
content was noted in 3 mgN/kg. At 39 DAS, maximum NR activity 
was displayed by plants receiving 6 mgN/kg, The soluble 
protein and NO-, contents were maximum in 6 mgN/kg, but total 
sugar was maximum in 3 mgN/kg compared with preflowering 
stage (26 DAS). NR activity was considerably lower in both 
nodules and leaves at this stage than at preflowering stage. 
At pod development stage, i.e., 50 DAS, the maximum NR activity 
in leaves was observed in 3-6 mgN/kg, the total sugar were found 
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to be maximum in 3 mgN/kg, whereas protein and NO^ , contents 
were maximum in 6 mgN/l^ g. I"t was, therefore, concluded that 
for maximum NR activity, 3-6 mgN/kg was enough whereas, in 
the case of protein and NO^ contents, the best dose was 
6 mgN/kg. The results revealed that NR activity was always 
higher in nodules than in leaves throughout the growth period 
in the presence of added nitrogen and that NR activity and 
protein, NO^ , and total sugar contents decreased with the age 
of the plants. 
Samiullah e_t a_l. (1987) conducted a field experiment on 
summer moong (Vigna radiata L. Wilczek) var. K-851 according 
to split plot design to study the effect of nitrogen and 
phosphorus on its yield performance. The experiment comprised 
two main plots (10 and 20 kg basal N/ha) and four split-plots 
(30, 45, 60 and 75 kg of basal P^ O /ha). The sources of 
nitrogen and phosphorus were urea and monocalcium superphosphate 
respectively. A uniform dose of muriate of potash, at the 
rate of 40 kg IC,0/ha, was also applied to all plots. Thus, in 
all there were eight treatments each with three replications. 
The seeds were treated with Rhizobium culture and were sown 
at the rate of 20 kg/ha. The crop received three irrigations 
between sov;ing and harvesting. Six yield attributes, namely, 
number of pods/plant, pod length, seed number/pod, 1,000 seed 
weight, pod yield and seed yield were studied at harvest. It 
was found that the effect of the treatments was significant 
only in the case of basal phosphorus (sub-plot treatments). 
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However, the interaction effect of nitrogen with phosphorus 
levels was also significant. All yield attributes except 1,000 
seed weight (for which 60 kg P^O^/ha proved optimum), responded 
best to 75 kg P Oj-/ha. It increased pod number/plant by 29.3%, 
pod length by 15.4%, seed number/pod by 22.00%, 1,000 seed 
weight by 2.5%, pod yield by 43.5% and seed yield by 41.4% 
compared with the lowest dose of phosphorus (30 kg P 0^/ha). 
When the difference of main plot means at the some level of 
sub-plot was considered, -it was noted that generally sub-plot 
treatment getting 10 kg N/ha proved better than 20 kg N/ha. 
When the values for sub-plot means at the same level of main 
plot were takaiinto account, it was noted that 
75 kg PpO^/ha x 10 kg N/ha gave the highest values for all the 
yield parameters, except 1,000 seed weight. It increased 
pod number/plant by 44.5%, pod length by 8.0%, pod yield by 
46.4% and seed yield by 43.5% respectively, in comparison to 
30 kg P20^ X 10 kg N/ha. 
2,4 Foliar application of fertilisers 
For centuries farmers have found it profitable to add 
manures and other forms of decaying organic matter to their 
fields. With the advent of chemical fertilisers in the middle 
of the last century, their application to the soil for maintaning 
its fertility became equally liberal, particularly am.ong the 
farmers of the advanced countries of Europe and America. However, 
the increasing cost of these fertilisers poses a grave problem 
52 
for the poor farmers in developing countries. In fact, many 
of them are not able to apply the recommended basal dose of 
nutrients, due to economic constraints, at the initial growth 
stages of the crop. In addition, it has been observed that 
some of the added nutrients are rendered more or less 
unavailable to crop plants after their application owing to 
various reasons, including fixation, volatilisation, leaching 
and microbial decomposition. Critical studies have revealed 
that about 7Q% of soil-applied phosphorus (Russell, 1950) and 
50% of nitrogen (Anonymous, 1971) is soon rendered unavailable 
to the crops. Therefore, several technicjues have been adopted 
to overcome these problems. One of them is the conventional 
method of top dressing. However, it has proved difficult to 
adopt for several crops and is also wasteful to some extent 
like basal application. As a result, the national targets of 
food production have never been achieved fully in the recent 
past in our country. The novel technique of foliar application 
of nutrients seems to be a good alternative as it has proved 
a universally acceptable and economically sound practice for 
conveniently and efficaciously supplementing the fertiliser 
requirements of various standing crops at different stages 
of growth, particularly un-der adverse conditions. Other reasons 
that commend the adoption of this technique are : 
1. Rapid loss of several nutrients in the soil makes them 
unavailable to the crop. The remedy for such " hidden 
hunger" in plants is to apply appropriate nutrients to the 
leaves in the form of dilute spray to the standing crop. 
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2. Slow response of plants to some soil-applied nutrients may 
often cause their deficiency which may be controlled by 
foliar application of the particular nutrient. 
3. Some crops that remove large quantities of fertilisers 
during early vegetative growth consequently require nutrients 
as supplements at later stages when soil application 
generally becomes ineffective or cumbersome. For example, 
sugar cane requires additional nitrogen at later growth 
stages when the soil application of this nutrient becomes 
impractical (Ali, 1981). Such nutrient requirement is 
conveniently fulfilled by foliar application. Cereals 
(like wheat, barley and triticale)^ oil seeds, pulses and 
many other crops require nutrients at grain filling stage 
and the technique of foliar application of nitrogen and 
phosphorus has been found to increase the yield and improve 
the quality of seed in these crops (De, 1971; Afridi and 
Wasiuddin, 1979; Afridi, 1983; Sherchand and Paulsen, 1985; 
Samiullah e_t aJ^ ., 1986). 
4. The application of some micronutrients may be achieved 
successfully through foliar feeding. Boron and copper 
compounds seem to be readily absorbed and transported 
to all parts of the plant and one or two dilute sprays in 
a year elicit satisfactory response of the crop 
(Boynton, 1954). 
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5. Finally, foliar feeding is advantageous over soil 
application under hilly conditions and where soils are 
sandy and porous or highly alkaline, acidic or water-logged 
(Bould, 1963). 
Forsyth was the first to note the significance of this 
technique in 1803 (Bould, 1963). However, the credit for the 
first published report (1844) has been accorded to Griss 
(Wittwer and Teubner, 1959). The research in this field has 
been facilitated since 1951 by the use of radio-isotopes which 
not only permit accurate measurements of the quantities of 
nutrients absorbed by the foliage but also of their subsequent 
translocation upto the root and shoot tips and other points of 
high metabolic activity (Silberstein and Wittwer, 1951; 
Wittwer and Lundahl, 1951; Wittwer and Bukovac, 1969). 
The effectiveness of foliar nutrition depends on the 
acility of the applied nutrients first to penetrate through 
the cuticular cracks and the outer walls of epidermal cells. 
Once having penetrated through the cuticle, further movem-ent 
of nutrients through the outer epidermal cell walls probably 
takes place mostly through the fine, thread like, submicroscopic 
structures called ectodesmata. When the substance reaches the 
plasma m.embrane of an epidermal cell, it is believed to be 
absorbed by mechanisms similar to those that operate in root 
cells (Noggleand Fritz, 1986). 
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After absorption through the leaves, the nutrients are 
transported to other .plant parts, including roots. Transport 
of leaf-applied nutrients occurs, via the phloem. The rate 
and amount of transport varies with each element. Williams (1955) 
and Baver (1963) reported that nitrogen moves to the places 
of metabolic demand rather than to the points of lowest 
concentration. Humbert (1968), however, found that movement 
of leaf-applied nutrients was from the region of high 
concentration to low concentration. 
The uptake of leaf-applied nutrients and their 
translocation from the leaves is observed readily by changes 
in colour, composition, growth and yield of various organs 
of the plants. It is an "active" process dependent on 
temperature, light and oxygen supply. It is irreversible and 
occurs against concentration gradients and is influenced 
adversely by metabolic inhibitors. Some mineral nutrients, 
like calcium, magnesium, nitrogen, potassium, and zinc are 
absorbed very rapidly while others, like iron, molybdenum, 
phosphorus and sulphur are absorbed rather slowly as noted by 
Wittwer in 1964; Wittwer and Eukovac, 1969. 
Absorption of nutrients by leaves and their subsequent 
metabolism are expected to vary largely with the plant type, 
species, leaf area, morphological stage, rate of growth, 
nutrient status, prevailing weather conditions, time of spraying 
and pH of spray solution (Wittwer and Teubner,1959; De, 1971). 
56 
Considerable work on commercial application of foliar 
spray of nutrients has been done abroad on vegetable 
(Kayberry, 1951; Montelaro e_t al_., 1952; Martin, 1954; 
Wittwer, et.a]^,, 1957), fruit trees (Fisher and Walker, 1955), 
sugarcane (Burr et_ al^ ., 1956) and sugar beet (Klechkovski, 1956; 
Thorne and Watson, 1956). In India also research on foliar 
nutrition of various crop has been undertaken by many workers 
(Anonymous, 1958; Kannan and Ranganathan, 1963; Ranganathan and 
Govinda, 1964; De e_t al_., 1968). However, not much attention 
seems to have been paid to pulse crops. This is highlighted 
further by the following review of the meagre available 
literature on the foliar nutrition of this important group of 
crop plants. 
Gorde and Kibe (1973) carried out a pot experiment in 
1964-65 on China moong (Phaseolus aureus). They applied 
phosphorus through soil dressing as well as by foliar spray at 
different growth stages and also in various splits. The 
treatments were : (l) absolute control (without any treatment), 
(ii) phosphorus control (without phosphorus), (iii) soil 
dressing of 22.4 kg or 44.8 kg P 0^/ha), (iv) foliar application 
of 22.4 or 44.8 kg PpO^/ha in one single dose at 25, 35 or 40 
days, in two equal split doses at various intervals of time 
viz., 25 and 35; 25 and 40; and 35 and 40 days and in three 
equal splits at 25, 35 and 40 DAS. All treatments, except 
absolute control, received a basal dose of 11.2 kg N/ha and 
22.4 kg KpO/ha. The plant samples were collected at 30 DAS and 
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at maturity. N, PpOc and K^ O contents were estimated in the 
leaves. In addition to these, grain yield/plant was also 
recorded. The data revealed that most of the treatments 
significantly increased N, P 0^ and 1^ 0 contents of the 
plants at 30 DAS when compared with absolute control. 
Application of soil applied doses of phosphorus increased the 
N content in plants compared with absolute control but there 
was no significant difference with regard to the effect of 
the two doses (22.4 and 44.8 kg P^ O /ha). Regarding the 
effect of foliar application of nutrients, it was noted that 
leaf-applied phosphorus at 22.4 and 44.8 kg P^O^/ha either in 
one dose (25 DAS or in two equal doses (25 and 35 DAS) or in 
three equal split doses (25, 35 and 40 DAS) significantly 
increased the nitrogen content over absolute control. Maximum 
N and PpO- contents were recorded with foliar spray of 
44.8 kg P„Oc-/ha in two split doses applied at 35 and 40 DAS. 
When the values were compared with phosphorus control, foliar 
application of 22.4 and 44.8 kg P^O^/ha in one dose at 25 or 
two equal split doses at 25 and 35 or three equal split doses at 
25, 35 and 40 DAS significantly increased the N, P^O^ and K^ O 
contents. On the other hand, the data at maturity, revealed 
that all the treatments significantly increased the nutrient 
contents over the control. V/hen, 22,4 or 44.8 kg PpOc-Zha was 
applied either through soil or through foliar spray in one 
dose at 25 DAS or in three equal splits at 25, 35 and 40 DAS, 
or foliar application of 22.4 kg PpOj-/ha was sprayed in two 
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equal split doses at 25 and 35 or at 25 and 40 DAS, it was 
revealed that N, P„0 and K 0 contents were significantly 
increased over those of phosphorus control. With regard to 
the effect of the treatments on seed yield it was found that 
foliar application of 22.4 kg P 0 /ha at 25 DAS gave maximum 
seed yield, followed by the same amount of phosphorus sprayed 
in three instalments 25, 35 and 40 DAS. 
Varma and Subba Rao (1974), working with Phaseolus 
aureus (Baisakhi moong), studied the effect of 2.5 and 5.0 
per cent urea (applied to the tops of plants at 15 and 30 DAS 
on dry weight of shoot, dry weight of root, number of nodules, 
number of leaves, number of pods/plant and nitrogen content of 
leaves. The effect of this nutrient was observed under two 
conditions, i.e., with and without inoculum. The data revealed 
that inoculation increased all parameters studied. It was 
noted that the crop showed varied response to the spray 
treatments with regard to the different parameters. For example, 
dry weight of shoot and nitrogen content of leaves were increased 
due to both levels of spray treatment over uninoculated control, 
while leaf number and dry weight of roots were increased due 
to spray of 2,3% urea solution only over uninoculated control 
and these two parameters were adversely affected by spray of 
5% urea solution. Root nodule number decreased due to spray. 
However, pod number/plant remained unaffected. It was 
interesting to note that, when the spray of urea was done on 
inoculated plants, all the parameters, except leaf nitrogen, 
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were decreased compared with inoculated plants receiving no 
spray treatment. The study showed that spray of urea, 
particularly at low concentration, was more effective to 
promote the growth of the uninoculated plants while it had 
detrimental effect on the plants receiving inoculation. 
Shrivastava and Verma (1981) studied the performance of 
green gram (Phaseolus aureus) during summer of 1977 and 1978. 
They applied three doses of phosphorus (20, 40 and 60 kg P^O^/ha) 
as a full soil dressing or as 1/2 soil and 1/2 foliar spray. 
Foliar application of phosphorus was done at 35 DAS and repeated 
at weekly interval using 10 kg PpOj-/ha in each spray. Ihey 
reported that methods of phosphorus application did not 
affect the performance of the crop significantly in relation 
to various parameters, including grain and straw yield. 
Akhtar ejt aj^ . (1984) studied the effect of foliar 
application of nitrogen and phosphorus on yield characteristics 
of lentil (Lens culinaris L. Medic.) var. T-36. They applied 
two basal doses of fertilisers, viz., full recommended dose 
(45 kg N + 70 kg P^O^ + 70 kg K^O/ha) and half of it 
(22.5 kg N + 35 kg each of P^ O and K O/ha). The seeds were 
treated with Rhizobiium culture. Aqueous solutions containing 
N and P„0 at the rate of 10 kg N and 2 kg P 0„/ha were sprayed 
separately or in combination at both full and half basal 
levels. The controls at each level were sprayed with water. 
The trial was based on split-plot design and consisted of two 
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main p l o t s , each comprising eight sub-p lo t s . One main p lo t 
was sprayed a t 80 days (pre-flowering stage) and the other 
110 DAS (pod i n i t i a t i n g s t a g e ) . Five yield a t t r i b u t e s , namely, 
pod number/plant,pod length, seed number/pod, 1,000 seed 
weight and seed yie ld were studied a t harvest (140 DAS). The 
effects of sub-plot and main p lo t treatments as v/ell as of 
the i r i n t e r ac t ion were found s ign i f i can t for a l l y ie ld 
c h a r a c t e r i s t i c s , except 1,000 seed weight. The data revealed 
t h a t the crop showed equal response to the spray treatment with 
fu l l basal dose and half basal dose giving no addi t ional benefi t 
of spray on fu l l basal dose and thus proving uneconomical. 
Half basal dose with spray of 10 kg N + 2 kg P^O^/ha increased 
pod number/plant by 31.6%, pod length by 21 .3%, seed number/pod 
by 15.A96 and seed yie ld by 50.6% compared with i t s corresponding 
v;ater-sprayed con t ro l . I t was a lso noted t h a t p lan t s sprayed 
a t 110 DAS showed good response for a l l c h a r a c t e r i s t i c s . Ihus, 
spray of 10 kg N + 2 kg P 0 /ha a t half basal level gave about 
4.0, 26.0, 13.0 and 50% increasesfor pod number/plant, pod 
length, seed number/pod and seed yield respec t ive ly over the 
control (sprayed with water a t 110 days) . I t was a lso reported 
tha t pod number/plant, pod length, seed number/pod and 1,000 
seed weight were p o s i t i v e l y corre la ted with seed y ie ld , having 
cor re la t ion coef f ic ien t ( r ) = +0.951, +0.931, +0.915 and +0.814 
respec t ive ly . On the bas i s of t h i s study i t was concluded that 
spray of 10 kg N + 2 kg P Oc/ha on p lan ts grown with only half 
the basal recommended f e r t i l i s e r dose a t 110 DAS ensured maximuin 
yield of l e n t i l r e s u l t i n g in subs tan t i a l f e r t i l i s e r economy. 
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Samiullah e_t al_. (1986) conducted a f i e ld experiment on 
mungbean (Vigna radia ta L. Wilczek) cv. T-36 during sum^ner 
season, in a simple randomised block design to study the effect 
of f o l i a r app l ica t ion of phosphorus. The crop was grown with 
sub-optimal basal dose of 45 kg P O -^Zha as s ingle superphosphate, 
A uniform basal dose of 10 kg N as urea and 40 kg FLO/ha as 
muriate of potash was appl ied . Fol iar app l ica t ion of 2, 4 or 
8 kg P„Oc-/ha in the form of aqueous solut ion of sodium 
dihydrogen orthophosphate was done a t flower i n i t i a t i o n 
stage (35 DAS). Spray of deionised water a t 45 kg P^O^/ha 
provided the con t ro l . To evaluate the economies of the 
technique, the optimal basal dose of phosphorus (60 kg P^O^/ha) 
was a lso included in the t rea tments . The seeds t rea ted with 
Rhizobiujr, inoculum were sown a t the r a t e of 20 kg/ha. 
Harvesting was done twice ( a t 55 and 50 DAS) as the pods did 
not mature a t th^ same time in th is c u l t i v a r . All the 
parameters, except 1,000 seed weight were s ign i f i can t ly affected 
by the spray t rea tments . Fol iar appl ica t ion of 2 kg PpO^/ha 
a t basal dose of 45 kg Pn^S'^'^^ prcn/ed optimum. This treatment 
gave the seed yield of 13.2 q/ha, while the spray of deionised 
water a t 60 kg P 0^/ha had 11.6 q/ha y ie ld . Thus, there was 
a ne t gain of 1 .6 q/ha in seed yield accom.panied by the saving 
of 13 kg P 0c-/ha by the spraying only 2 kg P 0^/ha. The 
in seed yield due to t h i s f o l i a r treatment could be 
assigned to the cumulative ameliorat ing e f fec t of yield 
parameters. This view was fur ther supported by the corre la t ion 
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studies; as the significant positive values of correlation 
coefficient (r) were 0.59, 0.82, 0.85, 0.59 for pod number, 
pod length, seed number and 1,000 seed weight respectively 
against seed yield. 
2.5 Vitamins 
Vitamins are organic compounds required by living 
organisms in small amounts for normal growth. Their essentiality 
was realised first in animals and later in plants. McCollum and 
Davis (1915) discovered that young rats required certain 
chemicals for their sustained normal growth. These were later 
categorised as fat-soluble (A, D, E and K) and water-soluble 
(B and C) vitamins (Osborne and Mendel, 1915). 
Vitamins are known to function as co-enzymes in the 
matebolism of both animals and plants. It is, therefore, 
reasonable to assume their essentiality in metabolism, which 
shows little variation in most plants. Strictly speaking, 
the vitamin requirement illustrates a pattern of metabolism 
and not a certain growth mechanism (Aberg, I96I). Wagner and 
Folkers (1954) defined vitamin, as " an organic compound of 
natural food, distinct from macromolecules, essential for 
normal growth in small concentration, but when absent from 
diet causes deficiency symptoms" . The specific role of 
vitamins in animal metabolism is well understood, however, it 
has yet to be explored in plants to a large extent. 
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2,3.1 Vitamins of B-^roup 
The water-soluble fraction of vitamins of McCollum and 
Davis (1915) and Osborne and Mendel (1915) was found to be a 
complex of related compounds. The vitamins isolated and 
indentified from this complex were designated arbitrarily 
and named as B. (thiamine), B (riboflavin), B^, B,, B , B^ 
(pyridoxine), B„ (vitamin I), B (adenylic acid), B , B , B 
and B.p (cyanocobalamine). Even though,these individual 
vitamins are now well kno\m by their names or symbols, the 
term "vitamin B-complex" is still in vogue. Vitamins of 
this group together have been claimed as the growth factors for 
higher plants from time to time; but the most extensively 
studied among them are vitamin B^  and B^. 
2.5.1.1 Vitamin B-6 
A distinct entity of vitamin B^ was first reported in 
animals by Gy'orgy (1934). However, after a few years, 
Keresztesy and Stevens (1938) and Kiihn and Wendt in 1938 
extracted and crystallised it from rice polishings and yeast 
extract respectively. 
Harris and Folkers(1939), terris et a^. (1939) and 
Stiller ^ a]^. (1939) noted that pyridoxine (CgEj^O N) is a 
pyridoxine derivative namely, 2-methyl-3-hydroxy-A,5-di-
(hydroxymethyl)-pyridine, with the molecular structure as given 
in Fig.1(a). As free base, it is a colourless, crystalline 
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powder with a slight bitter taste. It melts at 160°C and is 
readily soluble in water, alcohol and acetone. It is feebly-
destroyed by oxidising agents as well as by irradiation with 
visible or ultraviolet light. It crystallises in the form 
of various salts, e.g., hydrochloride (the marketable form) 
which is a white heat stable powder melting at 204-206 C 
(Keresztesy and Stevens, 1938). In this form it is readily 
soluble in water and alcohol. 
Vitamin B^ occurs in three active forms in living system, 
viz., pyridoxine, pyridoxal phosphate and pyridoxamine phosphate 
(Fig.ia,b and c). It is e:xtremely versatile in function and 
is involved in transformation of amino acids and in transferring 
their amino groups. Thus, it acts as co-enzyme for transminases 
or amino-transferases(Lehninger, 1984). 
It may be added here that although considerable work 
has been done on the metabolic role of pyridoxine in animals, 
the same can not be said about plants. Even information about 
its distribution and biosynthesis in plants is meagre. In 
view of this and on account of its close relationship with 
other members of the B-vitamins, it is proposed to review in 
the following pages the literature pertaining to the group 
as a whole with particular emphasis on pyridoxine because of 
the specificity of the present research problem. 
Bonner and Devirian (1939) cultured excised roots of 
various plants in nutrient media. Isolated pea roots grew for 
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an unlimited period in a medium containing vitamin B., 
nicotinic acid, mineral salts and sucrose at the rate of 70-85 
mm/week. This growth rate remained unaltered even though 
various other chemical compounds including vitamin Bp, B^ -, C, 
E, K, adenine^ theelin, |3-alanine, pantothenic acid and 
numerous amino acids were added. The rate of growth of 
isolated radish roots was 15 mm/week when they were gro'^ ai 
through 15 passages in the presence of vitamin B^  and nicotinic 
acid. These vitamins were found indispensable to maintain 
nonnal growth of the roots of these plants. Ibe addition of 
other chemical compounds listed above was found ineffective. 
Similarly, excised flax roots responded only to vitamin B^  
and grew at the rate of 150 mm/week. On the other hand, excised 
roots of tomato showed a growth rate of 40 mm/week in the 
presence of vitamin B. and Bg. This rate was further enhanced 
up"to 60 mm/week on supplementing the nutrient medium with 
nicotinic acid. These studies revealed that excised roots 
of various plants required different growth factors in the 
nutrient medium. 
Robbins and Schmidt (1939a,b) found that addition of 
light brown sugar in nutrient medium was more beneficial for 
the growth of excised tomato roots than pure cane sugar. The 
root growth decreased when light brown sugar was replaced by 
its ash (treated with hydrochloric acid) or pure cane sugar 
containing nicotinic acid, nicotinamide, thiamine and amino 
acids. However, addition of pyridoxine (vitamin Eg) with pure 
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cane sugar in the nutrient medium promoted the growth of tomato 
roots. Addition of pyridoxine also induced the development 
of hook and curls, indicating that it caused the elongation 
of cells. These observations showed that light brown sugar 
contained some root growth factor. 
Bonner (19^) investigated root grov/th factor requirements 
of several plants iri vitro. Excised roots of alfalfa, clover 
and cotton needed vitamin B^  and nicotinic acid for their 
optimal growth, which did not improve further on the addition 
of vitamin Br in the nutrient medium. On the other hand, roots 
of Datura stramonium and sunflower showed profuse growth in the 
presence of vitamin B^, B^ and nicotinic acid. Similarly, 
isolated roots of carrot required vitamin B^  and Bg but the 
addition of nicotinic acid was of no use. In the case of five 
different strains of tomato, vitamin B^  and Bg proved beneficial 
for root growth which was further promoted by the inclusion of 
nicotinic acid in the medium. At the same time, excised roots 
of clover and flax were found to synthesise vitamin B^  in small 
amounts. Therefore, they m.aintained sub-optimal growth even 
in the absence of this vitamin. 
White (I9A0) observed the effect of vitamin B^, 
nicotinic acid and pyridine in the presence of sufficient 
thiamine in nutrient medium, on the growth of excised roots of 
two tomato strains, Surprisingly, these strains of tomato did 
not significantly respond to vitamin B^, nicotinic acid and 
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pyridine. Therefore, he concluded that these strains cf 
tomato did contain adequate amount of these substances to 
support the root grov/th under experimental condition. 
Day (19^1) successfully cultivated excised tomato roots 
on modified Pfeffer's solution containing agar-sucrose. 
Thiamine, pyridoxine, nicotinamide, neopeptone, glutamic acid 
and glycine were added in various combinations to this 
nutrient medium. In the presence of thiamine, roots grew about 
2 mm daily which was further increased upto 5-6 mm or even more 
on addition of pyridoxine. However, supplementing this medium 
with nicotinamide did not alter the growth rate. It was noted 
that tomato roots could be cultivated through 20 passages 
(more than 200d), on the agar medium enriched with thiamine and 
pyridoxine without change in the growth rate. Further, 
presence of thiamine and pyridoxine in the agar medium induced 
the development of hooks and curls in the root. It was 
observed that pyridoxine could however, be replaced by 
glutamic acid or glycine. 
Minnura (I941a) reported the effect of crystalline vitamin 
B^, Bp and B^ and " Vita Flor" on the growth of cauliflower 
and radish in sand culture. Vita. Fl or contained 0.1% vitamin 
B^, 0.5% nicotinic acid and traces of vitamin £„, B^ and 
pantothenic acid. These substances were given with Hoagland's 
nutrient solution plus trace elements. None of the treatments 
was found to have significant effect on the performance of 
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these vegetables. Subsequently, in an e>:tended field trial, 
Minnum (1941b) again found that crystalline vitamin, Vita Flor 
and brewer's yeast (containing vitamin B^, Bp, B^ etc.) did 
not exert beneficial effect on the yield of different 
vegetables, including beets, cauliflower, musk melon, pepper, 
radish, rutabages, snakebeans, summer squash, sweet corn and 
tomato. 
Robbins (1941) studied the effect of various vitamin 
in vitro on root growth of two inbred tomato lines, viz., Red 
Current and Johannesfeur, and their heterotic F. generation. 
The roots were supplied with thiamine, thiamine and pyrdoxine 
or thiamine, pyridoxine and nicotinamide in the culture medium. 
These lines responded differentially to the vitamin application. 
The roots of F^  produced more dry matter and showed better 
growth than either parent. However, the root growth of Red 
Current was luxuriant in the presence of thiazole which 
surpassed even the F^  in one of the passages. It also responded 
better to nicotinamide than did Johannesfeur. The growth of 
Red Current became equal to that of hybrid F^  if it was 
cultivated on a nutrient medium containing all the three vitamins. 
It seemed that the three lines of tomato had got different ability 
for thiamine, pyridoxine or nicotinamide synthesis which was 
presumably responsible for the variable effect of the applica-
tion of these vitamins on their root growth. The maximum 
growth of hybrid F^  roots was interpreted on this basis as they 
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were supposed to have inherited characteristics of synthesising 
adequate amount of these vitamins cumulatively. On the other 
hand, better root grov/th of the hybrid in the medium containing 
all three vitamins was explained by assuming the higher 
synthesis of an unidentified growth factor in these roots. 
ftobbin (I9A2) investigated the effect of twelve analogues 
of pyridoxine on the growth of excised tomato roots in a medium 
supplemented with thiamine. Of these, nine analogues were found 
ineffective for root growth. Acetylation and substitution of 
ethyl for the methyl group in the second position of pyridine 
ring did not alter the beneficial activity of the vitamin. 
These studies thus indicated that pyridoxine had high degree 
of specificity for the growth of excised tomato roots. 
Noggle and Wynd (1943) noted the effect of vitamins on 
germination and growth of orchid seeds. Orchid Cattieya 
trianeae var, mooreana and £, schrooderae seeds germinated 
and produced normal growth in an artificial nutrient medium 
when a lot of maltose was used; but there was no germination 
and seedling growth did not occure» when more purified maltose 
was used. This inhibitory effect was not overcome . by the 
addition of thiamine hydrochloride (vitamin B^), ascorbic acid 
(vitamin C) or calcium pantothenate (chick antidermatitis 
factor), when grown in the presence of purified maltose in 
grov/th medium. However, a few seeds germinated and slow 
developments of seedlings occurred when riboflavin (vitamin Bp) 
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was present in the medium. Further, they observed that the 
presence of pyridoxine (vitamin B^) permitted good germination 
but poor seedling development, but good germination as well 
as excellent development of the seedlings occurred when 
nicotinic acid (P.P. factor) was supplied in the nutrient 
medium. 
Hilderbrandt e_t a]^. (1946) worked out nutrient media for 
culturing tobacco and sunflov/er tissues. It was found that 
only sunflower tissue required pyridoxine in the basal mediumi 
for enhanced growth. 
Alm.estrand (1950) studied the growth factor requirements 
of excised wheat roots. He included three vitamins, viz., 
niacin, thiamine and pyridoxine in the study. Of these, 
pyridoxine alone v/as found to be needed for the growth of wheat 
roots. It accelerated meristematic cell divisions. Addition 
of 0.5 to 1.0 mg pyridoxine/1 of culture medium at 27-28 C 
proved optimum for wheat root growth. 
'vVhaley e_t al_. (1950) tested nutritional value of 
thiamine, niacin, and pyridoxine for the growth of excised 
tom.ato roots. White's solution, enriched with sucrose and 
glycine, was used as culture medium. The data revealed thai..t. ^  
these roots required thiamine and niacine or pyridoxine for 
their optimal grov/th. Moreover, thiamine acted synergistically 
both with niacin and pyridoxine. 
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Almestrand (1951) observed the effect of pyridoxine and 
its two derivatives on root grov/th of several strains of 
wheat, barley and oats as well as one of rye. No strain of 
barley, oats and rye responded to pyridoxine treatment, while 
different strains of wheat showed variable response to this 
vitamin. For instance, pyridoxine did not affect the root 
growth of Ergo II, Virtus and Pondus markedly but root growth 
of Eroica was considerably enhanced by pyridoxine application. 
He also noted that pyridoxine application enhanced the uptake 
of glucose, phosphate and nitrate in roots of the pyridoxine 
sensitive variety Eroica. The uptake of these substances 
corresponded to the dose of applied pyridoxine. Moreover, 
derivatives of pyridoxine, i.e., pyridoxal and pyridoxamine 
had similar beneficial effect to that of the mother compound. 
Lee and Whaley (1953) cultured tomato roots for four 
weeks in two media : (a) without the supplementation of vitamins 
(b) supplemented with thiamine, niacin and pyridoxine indivi-
dually or in combination. The data were collected at weekly 
intervals. Growth in all media was similar in the first week, 
but during the fourth week, the growth in all culture media 
declined. Therefore, the best period for investigation was 
considered to be second to third week. Optimum growth was 
recorded in the media containing thiamine alone or in 
combination with either of the other two vitamins, suggesting 
an interrelationship among these vitamins to support normal 
root growth. 
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Boll (1954) cultured excised tomato roots with the 
supplementation of vitamins to the nutrient medium. These 
roots required thiamine, pyridoxine and niacin for optimal 
growth. However, the growth could also be achieved if the 
medium contained only thiamine and pyridoxine. Moreover, 
pyridoxine and niacin in the medium were replaceable by 
pyridoxal or pyridoxaraine and niacinamide respectively. It was 
also observed that niacinamide proved more active in comparison 
with niacin. Various derivatives of pyridoxine showed the 
order of effectiveness as pyridoxal > pyridoxine > pyridoxamine. 
Surprisingly, glycine was found to replace pyridoxine partly. 
This replacement become more effective in the presence of 
niacin. It was revealed that glycine and pyridoxine exerted 
similar morphological change in tomato roots. However, glycine 
affected initiation of lateral roots independently. These 
observations clearly established that a balanced supply of 
the gro>/th substances in the basal medium determined the 
morphology of root. 
Fujiwara and Ojima (1954) studied the effect of thiamine, 
pyridoxine and niacin on excised root tips of rice and wheat. 
The roots of these two plants responded positively to thiamine 
or pyridoxine application. However, in case of wheat, 
pyridoxine gave the best results. Moreover, application of 
vitamins did not show any effect on roots attached with their 
scutella. These roots grew much longer than excised roots. 
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Fries (1955a) compared the biosynthetic capabilities of 
decotylised pea seedlings grown in the dark with those of 
excised roots of the same plant. The decotylised pea seedlings 
required a mixture of water-soluble vitamins and various 
amino acids in sucrose-mineral salt medium for their optimum 
grov/th. Excised roots, on the other hand, remained unaffected 
by the application of these substances and attained a length of 
150 mm even in the absence of the vitamins from which they 
inferred that excised roots had adequate reserve of vitamins. 
However,the roots ceased to grew after one or two transfers; 
but the growth was again maintained on supplying thiamine and 
niacin. In case of pea seedlings, the growth diminished very 
soon in a medium lacking the vitamins and the main root did 
not grow beyond 100 ram. The growth of the seedlings was 
further maintained by inclusion of thiamineand pyridoxine. 
Hov;ever, niacin showed either poor or no effect. These studies 
showed that shoots failed to produce vitamins in the dark 
and consum.ed the vitamin resej^es of the hypocotyl and young 
roots for their growth. \J* 
Fries (1955b) worked out the doses of thiamine and 
pyridoxine which could support the growth 01 decotylised pea 
seedlings in the dark on an agar-nutrient medium containing 
niacinamide and various amino acids. 10 Mg of thiamine and 
100 Mg of pyridoxine/1 were required to maintain normal growth 
of the seedlings. Hov/ever, the pattern of growth and development 
of the seedlings was regulated independently by thiamine. 
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pyridoxine, pyridoxine and niacin. It was also observed that, 
even in light, the added thiamine alone controlled the growth 
rate considerably, suggesting that the synthesis of thiamine 
in light could not keep pace with the optimum requirement of 
the seedlings. 
Brusca and Haas (1957) studied the effect of several 
chemically pure salts of organic compounds on citrus grown in sand 
culture. Addition of vitamin Br (0.01 and 0.2 g/plant) and 
vitamin B.„ (0.02 g/plant) to the nutrient solution stimulated 
the growth of citrus plants. 
Barbieri (1959) performed a pot culture experiment 
on pea, broad bean, beet and wheat and observed that application 
of vitamin B^  and B^ enhanced plant height, leaf number, fresh 
weight and dry weight. The effect of both vitam.ins was 
most pronounced on beet and poorest on pea. For example, each 
of these vitamins at 0.01 mg/1 increased the leaf number by 
25% in beet seedlings compared with equal per cent in pea. 
Vergnano (1959) tried vitamins B^  and B^ for improving 
the rooting in cuttings of some plants in sand culture. Each 
vitamin v/as added at the rate of 0.01 mg/l with the nutrient 
solution. Vitamin treatments did not improve rooting in 
Colutea arborescens but Hedera helix and Rosa showed good 
response. Treated plants of Rosa also produced greater number 
of buds and leaves with broader leaf blades than the controlsc 
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SkolNik and Davydo^ /a (1962) applied 100 mg each of 
vitamin B^  ai^ d Bg/l to the roots of tomato plants. They 
observed that the application of these vitamins averted zinc 
deficiency symptoms in the plants to a large extent. Tne 
plants appeared similar to those which received zinc in their 
nutrition. 
Kudrev and Pavlov (1965) averted ill effect of flooding 
at tillering, shooting and heading stages in wheat through 
foliar spray of vitamin B^ solution. The spray of the vitamin 
solution also corrected disturbed nitrogen metabolism, parti-
cularly when very little damage had been done, and consequently 
enhanced the grain yield. 
Das and Das (1966) observed the growth of excised pea 
roots as influenced by thiamine and pyridoxine treatments. They 
reported that these two vitamins showed similar growth 
promoting activity. However, the optimum dose of thiamine and 
pyridoxine differed, being 0,1 and 0.01 ppm respectively. It 
was pointed out that vitamins might become more effective in 
presence of mineral salts. 
Dovydova (1966) observed the interrelationship between 
zinc and vitamins in the metabolism of tomato plants in soilless 
culture experiments. Zinc deficiency resulted in a slight 
reduction of pyridoxine content in roots of tomato plants; 
but the thiamine and riboflavin contents remained unaltered. 
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In addition, its deficiency also caused the accumulation of 
nitrate, which was lowered on supplying the plants with 
thiamine and pyridoxine. However, these vitamins did not 
affect the activity of nitrate reductase. 
Ovcharov and Kulieva (1958) soaked cotton seeds in 0.01% 
pyridoxine solution for 1-3 h after which the seeds were sown 
with different foiins of nitrogen and phosphorus fertilisers. 
In general, the vitamin slightly promoted germination and 
increased the area of first t^o- to three-fold. The effective-
ness of vitamin Br depended upon the form of fertilisers used. 
Root length of treated seedlings in the presence of ammonium 
sulphate was ^9% more than in untreated controls and was ']h% 
less than in the presence of calcium nitrate. Pyridoxine 
increased the nitrogen and phosphorus contents in 2d old 
seedling. The increase in phosphorus content was more in the 
presence of potassium dihydrogen orthophosphate than in that of 
superphosphate. The soaking of seeds in the same concentration 
of nicotinic acid was effective irrespective of the type of 
the fertilisers. 
Dimitrova-Russeva and Lilova (1969) studied the effect 
of the application of thiamine, pyridoxine and nicotinic acid 
on the uptake of nitrogen and phosphorus by Mentha piperita 
in nutrient solution as well as in soil. They found that 
uptake was increased by the application of these vitamins, 
phosphorus responding particularly to single application of 
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nicotinic acid and double application of others. Nicotinic 
acid also enhanced the yield of essential oil as did tv;o 
applications of thiamine, whereas pyridoxine reduced it. 
Zavenyagina and Bukin (1969) investigated the effect 
of application of pyridoxine on the germination rate and growth 
of root and shoot of wheat and pea seedlings. Reduced germi-
nation rate and growth of root and shoot, showing the symptoms 
of vitamin Br avitaminosis, were eliminated to a great extent 
by the application of pyridoxine to the plants with nutrient 
medium. Chlorophyll content of leaves was also increased by 
the application of vitamin Bg group (pyridoxal and 
pyridoxamine). 
Kozin and Kravtsov (1973) supplemented the nutrient 
medium with pyridoxine to culture embryos of pear and apple. 
These embyo^ were isolated from seeds of different ripeness. 
They observed much higher germination, differentiation of 
embryo into seedling and accumulation of chlorophyll as a 
results of pyridoxine treatment. However, embryos from unripe 
seeds showed more pronounced response to pyridoxine than those 
of ripe seeds. 
Gopala Rao e_fc aJ. (1974) observed high succinic 
dehydrogenase activity in root and shoot, and enhanced 
respiration and protein synthesis in 4d old seedlings of 
Phaseolus radiatus in a water culture experiment as a result 
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of supplying the plants with biotin, pyridoxine, niacin and 
thiamine in the nutrient solution. 
Pastena (1974) studied the rhizogenic action of some 
substances, viz., vitamins A, B., B„, Bg, B.^ and C on American 
vine cutting. The cuttings of the root stock were held for 
2Ah in water solutions of vitamins, A, B., B^ or B^ at 125-2,500 
ppm, B.p at 5-25 ppm or C at 150 to 25,000 ppm. The plants 
were planted in a nursery in March and examined during the 
following January and February. It was noted that vitamins 
A, Bp, B and G had negative effect on root forriiation and 
no effect on growth, compared to water treated control. However, 
vitamin B^ and B^, though having an inhibitory action on root 
formation, enhanced cutting growth leading to average cutting 
weight of 44-55g compared to 37g for the control, 
Kulieva e_t al_. (1976) investigated the response of 
melon and water-melon to vitamin treatments in laboratory and 
field conditions. Seeds of these plants were treated with 
various concentrations ranging from 0.01 to 0.0001% of 
thiamine, cyanocobalamine, nicotinic acid, pyridoxine or 
ascorbic acid. The effect of these compounds on stem and root 
development as well as on number and weight of fruit was 
studied in 45 and 90d old- plants respectively. Generally, 
the best results were obtained by treating the seeds with 
thiamine (O.OOI?^), cyanocobalamine (0.0001%) or nicotinic 
acid (0.0001?^). However, beneficial results were obtained by 
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spraying the plants with cyanocobalamine (OoOOl?^ ) or ascorbic 
acid (0,01%) respectively. 
Afridi et_ al^ . (1979) screened a number of common 
vitamins and phytohormones with respect to seed germination 
in vitro on radicle growth of barley and noted vitamin B- to be 
the most effective. On the basis of this preliminary trial, 
they performed an experiment on barley var,K672/28 in sand 
culture. Seeds of barley were soaked for 24h in 0.1, 0.3 and 
0.5/^  aqueous pyridoxine solution and thereafter sown in pots. 
Treatment with pyridoxine benefitted most of the root, shoot 
and ear characteristics as well as grain yield and quality. 
Generally, soaking in 0.3 and 0.5% proved equally effective 
and optimum. Root length and number of lateral roots as well 
as leaf number were found to be 6.6, 19.0 and 13.5% more in 
0.3% treatment than in the control. Tiller number/plant was 
at par in 0.3 and 0.5% pyridoxine treatments, being enhanced 
by 13% over the control. Treatment with 0.3% pyridoxine 
increased shoot length by 5.8% over the control with 0.5% 
following closely behind. Both these treatments consequently 
resulted in 15% more dry weight than in control. Similarly, 
other characteristics, including seed yield and seed carbo-
hydrates were enhanced by 9.0 and 1.4% respectively by 0.3% 
treatment over the control; but straw yield was 12.7% more 
in 0.5% (at par with 0.3%) than the control. 
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Ahmad et a l . (1981) studied the effect of soaking the 
seeds in d i f fe ren t concentrat ions of pyridoxine solut ion 
(0.02, 0.10 and 0.50%) on t i l l e r number, leaf number, fresh 
weight and dry weight per p lan t a t heading and milky grain 
stages in five cu l t i va r s of bar ley, namely, NP-13, NP-21, 
K572/10, K-572/28 and Clipper in a f a c t o r i a l randomised f ie ld 
t r i a l . Treatment with 0,^% proved optimum for these characteris-
t i c s . Among various cu l t i va r s of bar ley, Clipper and K-572/28 
produced maximum and minimum number of t i l l e r s and leaves 
respec t ive ly a t a l l s tages but the l a t t e r had the t a l l e s t 
p l an t s , while NP-21 gave maximum fresh and dry weights, 
followed by K-572/28. Treatment x va r i e ty e f fec t differed 
from character to character but the in te rac t ion 0.02% x K-572/28 
in general proved the b e s t . 
Ahmad e_t a]^. (1982) reported t he i r observations on 
grain and straw yie lds of the same bar ley v a r i e t i e s as 
in t h e i r e a r l i e r communication (Ahmad e_t al_., 1981) as a resu l t 
of seed treatment with pyridoxine. Grain and straw yields 
were recorded to be m.aximura in 0.1 and 0.02% treatments 
r e spec t ive ly . Similarly, K-572/28 and NP-21 gave highest grain 
and straw yie lds respec t ive ly . As far as in t e rac t ions were 
concerned, the combination Oo1% x K-572/28 proved optimum for 
grain yield and 0.2% x NP-21 for straw y ie ld . The net 
p ro f i t /ha due to 0.1% pyridoxine treatment was calculated to 
be Rs. 572.20. 
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In a f i e ld t r i a l , Ashfaq e_t a]^. (1983) studied the 
e f fec t of soaking the grains for 12h in 0 .0 , 0 , 1 , 0 .2 , 0.3 and 
0.4% aqueous pyridoxine solut ion on germination and yield 
c h a r a c t e r i s t i c s of t r i t i c a l e va r . Bronco-90. The vitamin 
treatment s ign i f i can t ly affected most of the yield a t t r i b u t e s . 
Among d i f fe ren t treatments soaking in 0.2/6 proved optimum for 
example, t h i s treatment enhanced grain yield by 37.7% presumably 
due to i t s benef ic ia l e f fec t on grain weight and per cent 
germination. 
Ansari and Samiullah (1984) conducted a simple randomised 
f ie ld experiment on l e n t i l (Lens cu l ina r i s Lc Medic. T-36) to 
assess the e f fec t of pyridoxine on d i f fe ren t yield a t t r i b u t e s . 
The seeds were soaked in water ( I control) 0 . 1 , 0 .2 , 0 .3 , 0.4 
and 0.5% aqueous pyridoxine solut ion for 12h before sowing. 
Unsoaked seeds were a lso sown and were considered as I I controlo 
At harvest , 0.3% pyridoxine solut ion proved optimum for pod 
number/plant, seed'number/pod and seed y ie ld . However, pod 
length was unaffected and 1,000 seed weight was decreased. 
Khan and Ansari (1984), working with Phaseolus radiatus, 
found tha t soaking of seeds for 10h in graded pyridoxine 
solut ions (O.O, 0 . 1 , 0.2 and 0.3%) stimulated the growth of 
lOd old seedlings (two leaf s tage) in sand c u l t u r e . Soaking 
in 0.1% solut ion enhanced the fresh weight and number of 
l a t e r a l roots by 18,2 and 23.8% respect ive ly over the water-
soaked con t ro l . 
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Kodandaramaiah and Gopala Rao (1984) observed the 
influence of B-vitamins on photosynthesis of isolated 
chloroplast of Cyamopsis tetragonoloba CL. l^ub. They 
noted that thiamine, riboflavin, niacin, pyridoxine, 
pantothenic acid and folic acid, at concentrations varying 
from 50-200 mg/l, significantly increased photosynthetic 
carbon fixation by isolated chloroplasts. Hov/ever, direct 
action of the vitamins above 5 mg/l concentration iri vitro 
diminished carbon fixation. The maximum promotion was noticed 
by niacin (51 .0>o) followed by pyridoxine (44.9i^). 
Raghava Reddy and Gopala Rao (1984) noted the influence 
of citric acid and pyridoxine on flowering in Brassica nigra 
Koch, and found that these two vitamins induced early flowering 
in black mustard. They concluded that this was due to the 
increase in the leaf area and height of plant. 
Gopala Rao and Raghava (1985) observed the effect of 
B-vitamins on the uptake of sodium, potassium, calcium and 
phosphorus in one week old Vigna radiata seedlings. Treatment 
with the vitamins promoted the uptake of these elements variably, 
Thiamine and biotin were found ineffective in the uptake of 
phosphorus; but riboflavin, pyridoxine and pantothenic acid 
increased the uptake of sodium, potassium and calcium in 
addition to that of phosphorus by the seedlings. Application 
of pyridoxine,pantothenic acid and nicotinic acid particularly 
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showed more i n f l u e n c e on potass ium and phosphorus uptake than 
the o t h e r v i t amins inc luded in the s t u d y . 
Samiullah ejb a_]^ . (1985) conducted two simple randomised 
f i e l d exper iments t o s tudy the e f f e c t of pyr idox ine t r ea tmen t 
on r o o t l e n g t h , r o o t nodule number, n i t r a t e r educ ta se a c t i v i t y 
(NRA) and y i e l d of Vigna r a d i a t a v a r . K-851. In the f i r s t 
exper iments , seeds of Viffia r a d i a t a were soaked for 4h in 
0 .0 ( c o n t r o l ) , 0 . 1 , 0 . 2 , 0 . 3 , 0 . 4 and 0.5°^ aqueous pyridoxine 
s o l u t i o n . Root l e n g t h , r o o t nodule number and NRA were measured 
a t 20, 30, 40 and 50 DAS. I t was found t h a t , a t 20 and 30d, 
maximum r o o t l e n g t h was ob ta ined in 0.2% and 0.3% t r ea tmen t s , 
g iv ing 12.9 and 36.7% more v a l u e s than the r e s p e c t i v e c o n t r o l s . 
At AO and 50d, maximum roo t l e n g t h was noted in 0.4% t rea tmen t 
and gave an i n c r e a s e of 20.2 and 25.1% over the r e s p e c t i v e 
c o n t r o l s . Moreover, r oo t nodule number a t 30, 40 and 50d was 
optimum, in 0.3% showing an i nc rea se of 144,0 and 25.1 and 
25.3% over the r e s p e c t i v e c o n t r o l s . Soaking in 0.3% inc reased 
NRA by 29 .7 , 7 . 1 , 11 .8 and 15.6% a t 20, 30, 40 and 50d over• 
the r e s p e c t i v e c o n t r o l s . Seed y i e ld was maximum in 0.3%, which 
was 54.9% more than the c o n t r o l . In an o the r experiment the 
same c o n c e n t r a t i o n s of pyr idoxine s o l u t i o n v/ere sprayed on 
l e aves e i t h e r a t p r e - f l o w e r i n g (35d) or p o s t f lov/ering (45d) 
s t a g e . Root l e n g t h , r oo t nodule number and NRA were measured 
a t 45 and 55 DAS (lOd a f t e r s p r a y ) . For c o n t r o l , p l a n t s were 
sprayed with de ion i sed wa te r . I t was noted t h a t spray of 0.1/a 
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pyridoxine so lu t ion a t pre-flowering stage (35 DAS) proved 
optimum and enhanced root nodule number and NRA by 17.8 and 
49.2/0 over t l ie i r respect ive con t ro l s . At post-flov/ering 
stage (45 DAS) spray of 0.2% pyridoxine solut ion gave optimum 
value for root length and NRA (45.4 and 29.6% respect ively more 
than the c o n t r o l ) . The increase in yield by 0.1 and 0.2% spray 
a t pre-flov/ering (35 DAS) and post-flov/ering stage (45 DAS) was 
33.7 and 26.4% respec t ive ly over the respective con t ro l s . On 
comparing the data of both experiments, i t was concluded tha t 
soaking of seeds in pyridoxine solut ion was more effect ive 
than spraying the vitamin over the leaves . Seed treatment 
required a smal]_er quant i ty of the vitamin than spraying the 
same population of p l a n t s . I t was suggested by the authors 
t h a t seed treatment with d i lu t e pyridoxine solut ion may be 
exploited commercially as a simple, convenient and economical 
farm, prac t ice for ensuring high produc t iv i ty . 
Ahmad e_t_ al_. (I986a) carr ied out a f a c t o r i a l randomised 
f i e ld t r i a l to study the ef fec t of pre-sowing soaking of seeds 
on yield a t t r i b u t e s of five barley v a r i e t i e s , namiely, NP-13, 
ri-21, N-572/10, K-572/28 and Clipper in 0 .0 , 0.02, OdO or 0.5% 
aqueous pyridoxine hydrochloride solut ion for 24h. The 
param.eters studied were ear number/plant, ear length, 
sp ike l e t number/ear, grain number/ear and grain and straw 
y ie ld /ha . I t was noted t h a t pyridoxine s ign i f i can t ly affected 
the ear weight /plant and grain yield/ha showing an increase of 
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10.4 and 10.6?6 over the control in 0.1% solu t ion and 4.8 and 
5.3% increase over the control in 0.02% so lu t ion . However, 
ear number/plant and straw yield/ha were maximum in 0.02% 
treatment, showing an increase of 3.4 and 11.2% over the 
control ; but grain number/ear was equally affected by a l l 
concentrat ions of pyridoxine hydrochloride so lu t ion . 
Var ie t i e s K-572/28 and NP-21 showed maximum value for grain 
and straw yield r e spec t ive ly . The combination 0.02% x K-572/28 
gave the bes t response for most a t t r i b u t e s , including grain 
y i e ld . 
Ahmad et _al. (1986b) studied the ef fec t of pre-sowing 
grain treatment of pyridoxine on t e s t weight, carbohydrate 
content and pro te in content of five barley v a r i e t i e s , namely^NP-13, 
NP-28,K572/10,K572/28 and Clipper. Seeds were soaked for 24h 
in 0 .0 , 0.02, 0.10 and 0.50% aqueous pyridoxine so lu t ion . 
Nitrogen (N), phosphorus (Pp^^^ "^^ ^ potassium (K^^) was given 
uniformly a t the r a t e of 80, 30 and 40 kg/ha respec t ive ly . They 
reported tha t soaking of barley grains in pyridoxine solution 
enhanced 1,000 grain weight, grain pro te in content . Grain 
carbohydrate and pro te in contents/ha weiBina i^nium in 0.1% treatment. 
However, grain carbohydrate content decreased in 0.50% 
pyridoxine so lu t ion . Among v a r i e t i e s , K-572/28 surpassed a l l 
others in these c h a r a c t e r i s t i c s . The combination 0.1% x K-572/28 
gave maximum response. 
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In a simple randomised field trial, Ansari and Khan (1986) 
observed the effect of pre-sowing seed treatment for 4h with 
graded aqueous pyridoxine solution (0,0, 0.1, 0.2, 0.3, O.A- and 
0,^%) on the grov/th and yield performance of summer moong. 
Ihey observed that 0,3% pyridoxine solution significantly 
enhanced plant length, leaf number, fresh weight and dry weight 
at 30, 40, and 50d growth; NARfor 20-30, 30-40 and 40-50d growth 
-and pod number/plant, pod length and seed number/pod at harvest. 
Seed yield was positively correlated with plant length at 30 
and 50d with leaf number and dry weight at 30, 40 and 50d, 
with fresh weight at 30 and 40d and with NAR at all intervals. 
Seed protein content showed positive correlations with plant 
length at 30, 40 and 50d, with fresh weight and dry weight at 
40 and 50d, and with NARfor 30-40 and 40-50d. However, pod 
number, pod length, and seed number/pod were correlated with 
seed yield onlyo 
Oertli (1987) reviewed the literature on plant responses 
to the exogenous applications of vitamins. He summarised that : 
Vitamins have been applied by soaking seeds or dipping 
cuttings; by spray or dusts or as drenches to soils. Substantial 
yield increase due to exogenous vitamin application has been 
reported by a number of researchers. Vitamins may cause 
morphogenetic response in plants. The stimulation of root 
formation and flowering under non-inductive conditions are the 
most pronounced among these responses. Certain vitamins protect 
plants against ozone and sulfur dioxide,two important agents 
of air pollution. 
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2.6 Concluding remarks 
The foregoing review clearly establishes that pyridoxine 
(vitamin B^) is a potent root growth promoting substance 
in. vitro and 121 vivo for many crops. In some cases, 
pyridoxine has been shov/n to stimulate nutrient uptake. This 
opens up a new area of research in which the interaction of 
pyridoxine with the applied nutrients could be exploited for 
increasing the productivity and quality of food crops particularly 
This also applies to grain legumes which are not only the chief 
source of vegetable proteins but are also mainly responsible 
for fixing dinitrogen in arable land. However, this aspect of 
legume productivity has not hitherto been touched by scientists. 
The research work reported in the subsequent chapters is related 
to this aspect in order to fill the existing lacuna in our 
understanding of pyridoxine-nutrient relationship in augmenting 
the performance of leguminous crops. 
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CHAPTER 3 
MATERIALS AND METHODS 
The f i e l d exper iments on l e n t i l ( l ^ n s c u l i n a r i s L. 
M e d i c ) v a r . T-35 r e p o r t e d and d i scussed i n t h i s t h e s i s , were 
conducted in the " r a b i " ( w i n t e r ) seasons of 1984-85 and 
1985-86 and those on summer moong (Vi,e;na r a d i a t a L. Wilczek) 
v a r . K-851, i n the " z a i d " (summer) seasons of 1985 and 1986 
a t the Un ive r s i t y Farm of the Al iga rh Muslim Unive r s i ty , 
A l iga rh (U.P . ) I n d i a . 
3.1 Agro -c l ima t i c c o n d i t i o n s 
Al iga rh i s one of the s i x t y one d i s t r i c t s of Ut tar 
Q 
Pradesh (Northern Ind ia ) . I t has an area of 5.02 x 10 sq.m. 
and i s s i tua ted a t 27°52«N l a t i t u d e , 78°51'E longitude and 
187.45 m a l t i t u d e . I t s climate i s c h a r a c t e r i s t i c of western 
Uttar Pradesh, i . e . , s e r a i - a r id and sub- t rop ica l , with hot dry 
summers and cold win ters . The winter extends from the middle 
of October to the end of March. The mean temperature for 
December and January, the coldest months, is about 15 C and 
13 C and the extreme minimum record for any single day i s 2 C 
and 0.5 G re spec t ive ly . The summer i s hot, the average 
temperature for May i s 34.5 C and for June 34 C whereas, the 
extreme maximum record i s 45 C and 45.5 C. Ihe average annual 
r a i n f a l l i s 847.3 mm. More than 85% of the t o t a l r a i n f a l l 
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occurs during June-September and some ']0% in the winter which 
benefits "rabi" crops (data recorded at the Meteorological 
Observatory, Department of Physics, Aligarh Muslim University, 
Aligarh). 
Aligarh district possesses various types of soil, like 
sandy, loamy, sandy loam and clayey loam, 
3.2 Soil c h a r a c t e r i s t i c s 
Before sowing, soi,l samples were col lected from each 
p l o t upto a depth of about 10-15 cm. These were mixed thoroughly 
to get a composite sample. The composite sample was analysed 
in the Soil Chemistry Laboratory of the Indian Agricul tural 
Research I n s t i t u t e ( I . A . R . I . ) , New Delhi. The physico-
chemical p roper t i es of the s o i l for each experiment have been 
given in Ikble 1 . 
3.3 Field preparat ion 
Prior to each t r i a l , the experimental f i e ld was thoroughly 
ploughed to ensure maximum so i l a e r a t i on . I t a l so helped in 
e l iminat ing the weeds. P lo ts of 5 sq.m. size were prepared 
for each treatment and i r r i g a t e d l i g h t l y before sowing to 
maintain proper moisture regime in the sub-surface of the s o i l . 
The crop ( l e n t i l or moong) was cu l t iva ted according to standard 
a g r i c u l t u r a l p r a c t i c e s . A uniform basal dose of potassium 
as recommended for each crop was broadcast in each p lo t to 
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3.4 Seed treatment 
Authentic seeds of l e n t i l and moong were obtained from 
the National Seed Corporation, I ,A .R . I , , New Delhi and thei r 
v i a b i l i t y was tes ted by standard methods. The seeds, were 
surface s t e r i l i s e d and soaked in water (control) or in 
appropriate pyridoxine hydrochloride solut ion pr ior to 
inoculat ion with Rhizobium. using the method of Subba Rao (1972) 
with the following modifica"tions. Rhizobium culture for 
l e n t i l and moong was obtained from the Government Seed Store, 
Aligarh. The inoculum was prepared by dissolving 400g 
colour less gum-arabic (coating mater ia l ) and 100g sugar in 
11 warm water. The solut ion was allowed to cool and a packet 
of Rhizobium culture (containing 200g b a c t e r i a l culture in 
peat ) was added to i t and mixed well , r e su l t i ng in a muddy 
so lu t ion . I t was used to inoculate 10kg seeds of e i t h e r l e n t i l 
or moong depending upon the nature of the b a c t e r i a l culture 
mixed in the inoculum medium. Seeds were vigorously mixed with 
the inoculum u n t i l they were evenly covered and moistened by 
i t . These inoculated seeds were spread on a clean b lo t t ing 
paper in shade to l e t the coating get hard. Thereafter, they 
were sown in the f i e l d . 
3.5 Experiments on l e n t i l 
Four experiments were conducted on l e n t i l (Lens cu l ina r i s 
L. Medic*) v a r . T-36 during " r a b i " seasons of 1984-85 and 
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1985-86. Of these , the f i r s t two experiments were conducted 
simultaneously in 1984-85 and the l a s t two in the next " r a b i " 
season, i . e ., 1985-86, 
3.5.1 Experiment 1 
The aim of t h i s t r i a l was to inves t iga te the effect of 
four basal l eve l s of ni t rogen, pre-sowing seed treatment with 
four aqueous concentrations of pyridoxine alone and of the i r 
i n t e r ac t i on on growth and yield performance of l e n t i l . The basal 
doses of ni t rogen and range of concentrat ions of pyridoxine 
solut ion and the optimum period required for soaking were 
selected on the bas is of repor t s of e a r l i e r workers in the 
au tho r ' s labora tory (Akhtar, 1985; Ansari, 1986). 
Basal ni trogen a t 15, 30, 45 and 60 kg N/ha, together 
with a uniform recommended basal dose of phosphorus (45 kg P/ha) 
and potassium (30 kg K/ha) was applied to the f i e ld before 
sowing. The sources of n i t rogen, phosphorus and potassium were 
urea, monocalcium superphosphate and muriate of potash 
r e spec t ive ly . Seeds of uniform size were s t e r i l i s e d with 
e thyl a lcohol . Sufficient seeds were soaked for 12h in 
0 ( con t ro l ) , 0 ,2 , 0,3 and 0,4% aqueous pyridoxine hydrochloride 
so lu t ion . The soaked seeds were kept in separate conical f lasks, 
Thereafter^ seeds were inoculated with Rhizobium as described on 
e a r l i e r (p, 9 0 ) . Soaked-seeds were sown behind the plough in 
e igh t rows in 5 sq.m. p lo t s a t the r a t e of 50 kg/ha on 
November 8, 1984. The rows were 25 cm apar t and the number of 
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seeds in each row was kept uniform as far as poss ib le . Each 
treatment was rep l ica ted t h r i c e . The experiment was la id out 
according to f a c t o r i a l randomised block design (Table 2 ) . The 
crop received two i r r i g a t i o n s between sowing and harvest ing. 
Weeding was done once during the e n t i r e course of crop 
development. 
Plants were sampled a t 60, 90 and 120d a f t e r sowing 
for assessing the growth performance of the crop. At harvest 
(140 DAS), various y ie ld parameters and seed yield and quali ty 
were s tudied . 
3.5.2 Experiment 2 
This experiment on l e n t i l was conducted simultaneously 
with Experiment 1. The physico-chemical p roper t ies of the so i l 
are given in Table 1 . 
The object of the experiment was to study the 
phosphatic f e r t i l i s e r u t i l i s a t i o n eff ic iency of l e n t i l (as 
assessed by the grov/th, y ie ld and qua l i ty performance of the 
crop) under varying leve ls of pre-sowing seed treatment with 
pyridoxine. 
The seeds were soaked for 12h in pyridoxine solut ion 
and inoculated with Rhizobium. The t r ea ted seeds were sov^ ;n 
behind the plough in e ight rows in 5 sq.m, p lo t s a t the ra te 
of 50 kg/ha on November 15, 1984'. There were s ixteen treatments 
I&ble 2. Scheme of treatments for Experiment 1 on lentil 
(Factorial randomised) 
SI. Combinations Basal kg N/ha Soaking % pyridoxine 
No. Basal (B) x treatments treatments solution 
Soaking (S) 
1 . B^^^^ X S^ 
2 . B^^5 X S^ 
3 . B^^ -^ ^ X S^ 
4 . B^^^ X S^ 
5 . B^ ^^ Q X S,^  
^- %30 "^  ^1 
7 . Bj^ ^Q X S^ 
8 . B ^ ^ X S^ 
9 . Bj^^^ X S^ 
1 1 . B^^^ X S^ 
1 2 . B^^5 X S^ 
' ' ^ - ^N60 ^ ^W 
' ' 5 - S N 6 0 "" ^2 

































































N.B.(1) Seeds v;ere soaked for 12h and then treated with rhizobium 
inoculum 
(2) A uniform basal dose of 45kg P and 30 kg K/ha was applied 
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each r ep l i ca t ed thr ice (Table 3 ) . A uniform basal dose of 
45 kg N/ha and 30 kg K/ha was appl ied . Other ag r i cu l tu ra l 
p rac t i ce s v;ere kept as in Experiment 1 . 
P lants were sampled a t 60, 90 and 120d a f te r sowing 
for assessing the growth performance of the crop. At harvest 
(I40d) various yield parameters and seed yield and qual i ty 
were s tudied . 
3 .5 .3 Experiment 3 
This f i e ld t r i a l was conducted in the next year, i . e . , 
" r a b i " season of 1985-86, The s o i l c h a r a c t e r i s t i c s of the 
f ie ld are given in Table 1 . 
The t r i a l was based on the findings of Experiment 1. 
The object of the experiment was to inves t iga te the individual 
and combined effectsof f o l i a r spray of supplemental nitrogen 
applied with optimal or sub-optimal basal doses of th i s 
n u t r i e n t together with t h a t of pre-sowing seed treatment with 
pyridoxine. 
The experiment was conducted according to fac to r i a l 
randomised block design and comprised twelve combinations of 
treatments (Table 4 ) . Each treatment was rep l i ca ted t h r i c e . 
The seeds were soaked for 12h in 0,2 and 0,3% aqueous pyridoxine 
solut ion and l a t e r inoculated with Rhizobium p r io r to sowing. 
A uniform basa l dose of 30 kg P and K/ha each was applied to 
every p l o t . Supplemental ni t rogen as aqueous solut ion of urea 
Table 3. Scheme of treatments for Experiment 2 on lentil 
(Factorial randomised) 
SI. Combinations Basal kg P/ha Soaking % pyridoxine 











1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
^ 1 5 









% 4 5 
^P45 
^^60 
^ 6 0 
^ 6 0 
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0 . 0 
0 . 2 
0 . 3 
0 . 4 
0 . 0 
0 . 2 
Oo3 . 
0 . 4 
0 . 0 
0 . 2 
0 . 3 
0 . 4 
0 . 0 
0 . 2 
0 . 3 
0 . 4 
N.B.(1) Seeds were soaked for 12h and then treated with 
rhizobium inoculum 
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was applied to the leaves at pod filling stage, i.e., at 100d. 
Other agricultural practices, including irrigation, weeding 
etc., were similar to those in the Experiment 1. Plants from 
each plot were collected at 120d for assessing growth perfor-
mance. At harvest (l40d) yield parameters and seed yield and 
quality were studied. 
3.5.4 Experiment 4 
This field trial was conducted simultaneously along with 
Experiment 3, i.e., in the "rabi" season of 1985-86. The 
soil characteristics of the field are given in Table 1 . 
The trial was based on the findings of Experiment 2. 
The object of the experiment was to investigate the individual 
and combined effects of foliar spray of phosphorus and pyridoxine 
soaking together with optimal and sub-optimal basal doses of 
phosphorus. 
The experiment was conducted according to factorial 
randomised block design with twelve combinations of treatments 
(Table 5). Each treatment was replicated thrice. The seeds 
were soaked for 12h in aqueous pyridoxine solution and later 
inoculated with Rhizobium. Prior to sowing, a uniform basal 
dose of 30 kg N and K/ha each was applied to every plot. Foliar 
spray of phosphorus (as decanted aqueous solution of 
monocalcium superphosphate) was done at pod filling stage (lOOd). 
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were kept s imilar to the previous experiments. Three plants 
from each p lo t were col lected randomly a t 120d for assessing 
growth performance. At harvest (I40d) yield parameters and 
seed yie ld and qual i ty were s tudied. 
3.6 E:xperiments on moong 
Four f ie ld experiments were conducted on moong (Vigna 
r ad ia t a L. Wilczek) var.K-851 a t the University Farm, two each 
during •' za id" season of 1985 and 1986 respec t ive ly . 
3,6,1 Experiment 5 
The aim of t h i s experiment was to invest igate the effect 
of basal appl ica t ion of ni t rogen and pre-sowing seed treatment 
with pyridoxine as well as of t h e i r i n t e rac t ion on growth, 
yield and qual i ty performance of summer moong in a fac to r ia l 
randomised block design. The physico-chemical proper t ies of the 
so i l are given in Table 1, The concentrations of pyridoxine 
so lu t ion and period' for pre-sowing seed treatment as well as 
the doses of basal ni trogen f e r t i l i s e r were selected according 
the experience gained e a r l i e r in the au thor ' s laboratory 
(Akhtar, 1985; Samiullah e_t a l . , 1985). There were thus, 
s ixteen combinations of four doses basal ni trogen f e r t i l i s e r 
with four pyrixoxine soaking treatments (l^ble 6 ) . Each 
treatment was rep l ica ted t h r i c e . 
After soaking for 4h in aqueous pyridoxine solut ion, 
the seeds were inoculated with Rhizobium (Section 3.4) and sown 
Table 5, Scheme of treatmeats for experiment 5 on Summer moong 
(Factorial randomised) 
SI. Combinations Basal kg N/ha Soaking % pyridoxine 











1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
^NO "" 







% 1 0 ^ 
% 1 0 ^ 
% 1 0 ^ 
% 1 0 ^ 
% 1 5 ^ 
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0 . 0 
0 .2 




0 . 3 
0 . 4 
0 . 0 
0 .2 
0 . 3 
0 . 4 
0 . 0 
0 .2 
0 . 3 
0 . 4 
N.3.(1) Seeds were soaked for 4h and then treated with rhizobium 
inoculum 
(2) A uniform basal dose of 30 kg P and 35 kg K/ha was applied 
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behind the plough in 6 rows a t the r a t e of 20 kg/ha in 5 sq m 
in p lo t s on April 4, 1985. The rows were '^'5 cm apar t and the 
seed number was kept approximately uniform in each row. 
There were three r ep l i ca t ions for each t rea tment . The. four 
doses of n i t rogen, in the form of urea, were given a t the 
time of sowing, A recommended uniform basal dose of 30 kg P 
and 35 kg K/ha was also broadcast , before sowing in the form 
of monocalcium superphosphate and muriate of potash respect ively 
(Akhtar, 1985). The f ie ld was i r r i g a t e d th r ice between sowing 
and harves t ing. Weeding was done twice during the en t i r e period 
of crop growth. 
The p lan t s wer^ sampled a t 20, 30, 40 and 50 DAS, for 
growth ana lys is while, various yie ld parameters and seed yield 
and qual i ty were studied a t harvest (60d). 
3.5.2 Experiment 6 
This t r i a l was conducted simultaneously with Experiment 5 . 
The physico-chemical proper t ies of the so i l are given in Table 1 . 
The object of the t r i a l was to inves t iga te the phosphatic 
f e r t i l i s e r u t i l i s a t i o n eff ic iency of moong (as assessed by i t s 
growth, yield and qual i ty performance) taking four doses and 
studying the e f fec t of t he i r i n t e r a c t i o n with four leve ls of 
pre-sowing seed treatment with pyr idoxine. 
The experiment was l a id out according to f ac to r i a l 
randomised block design. The scheme of treatments i s given in 
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Table 7. After soaking, the seeds were inoculated with 
Rhizobium (Section 3.'^), and thereafter, sovm in the field on 
April 10, 1985. A uniform basal dose of 10 kg N and 35 kg K/ha 
was applied to the plots in the form of commercial grade urea 
and muriate of potash respectively. All the other agricultural 
practices, including irrigation, weeding, etc., were kept the 
same as in Experiment 5. Each treatment was replicated thrice. 
Sampling was done at 20, 30, 40 and 50d for growth 
analysis and at harvest (60d) for yield parameters and seed 
yield and quality. 
3.6.3 Experiment 7 
This field trial was conducted in the subsequent year, 
i.e., in the '* zaid" season of 1986. The soil characteristics 
of the field are given in Table 1. 
The trial was based on the findings of Experiment 5. 
The object of the experiment was to investigate the individual 
and combined effect of foliar spray of nitrogen and pyridoxine 
soaking along with optimal and sub-optimal basal dose of 
nitrogen. The foliar application was done at pod filling 
stage (35d) in the form of aqueous solution of commercial grade 
urea, 
The experiment was conducted according to factorial 
randomised block design with 10 combinations of treatment as 
given in Table 8. Each treatment was replicated thrice. The 
Table 7 . Scheme of t r e a t m e n t s f o r e x p e r i m e n t 6 on Summer moong 
( F a c t o r i a l r a n d o m i s e d ) 
S I , C o m b i n a t i o n s Basa l kg N/ha Soak ing % p y r i d o x i n e 
No. B a s a l B) x t r e a t m e n t s t r e a t m e n t s s o l u t i o n 
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N , B . ( 1 ) Seeds were soaked f o r 4h and t h e n t r e a t e d w i t h r h i z o b i u m 
inocu lum 
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seeds were soaked for 4h in aqueous pyridoxine solution and 
later inoculated with rhizobium (Section 3.4). Prior to sowing 
a unifonn basal dose 15 kg P and 35 kg K/ha were applied to 
the plots. Other agricultural practices including irrigation, 
weeding, etc., were kept same as in Experiment 5. 
Three plants from each plot were collected randomly at 
40 and 50d assess their growth performance while yield charac-
teristics and quality of seeds were studied at harvest (60d). 
3.6.4 Experiment 8 
This factorial randomised field trial was conducted 
simultaneously with Experiment 7, i.e.> in the " zaid" season 
of 1986. The soil characteristics of the field are given in 
Table 1 . 
The trial was based on the findings of Experiment 6. 
The object of the trial was to investigate the individual and 
combined effect of foliar spray of phosphorus and pyridoxine 
soaking together with optimal and sub-optimal basal doses of 
phosphorus. The foliar application was done at pod filling 
stage (35d) in the form of aqueous solution of monocalcium 
superphosphate . 
The experiment, conducted according to factorial randomised 
block design, included 12 combinations of treatment as given 
in Tkble 9. Each treatment was replicated thrice. The seeds 
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inoculated with Rhizobium (Section 3.4). Prior to sowing, a 
uniform basal dose of 5 kg N and 35 kg K/ha was applied to each 
plot. Other agricultural practices, including irrigation, 
weeding etc., were kept similar to those in earlier experiments 
on moong. 
At 40 and 50d, three plants were sampled randomly for 
assessing their growth performance, while yield characteristics 
and quality of the seeds were studied at harvest (60d). 
3.7 Sampling technique^ 
Random samples, comprising three plants from each plot 
at various stages of growth, were collected. To count the 
number of nodules, the plants were dug out with their roots 
carefully and washed to wipe away all adhering foreign particles. 
The following parameters were studied for assessing the growth 
performance of the crops. The following parameters were studied 
at the stages specified in each experimexnt to assess the growth 
performiance of the two crops, 
3,7.1 Growth parameters 
(a) Root length/plazit 
(b) Root nodule number/plant 
(c) Fresh weight of r o o t / p l a n t 
(d) Dry weight of r o o t / p l a n t 
(e) Leaf number/plant 
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3 . 7 . 2 Net a s s i m i l a t i o n r a t e (NAR) 
NAR was c a l c u l a t e d a c c o r d i n g t o M i l t h o r p e and Moorby (1979) 
MAR - ^'£llD V ( I n L 2 - I n LI ) 
^^ '^^  " ( t 2 - t 1 ) "" (12 -L1) • 
i p NAR = ('^2-W1) 2 . 3 0 3 ( l o g i c L2- log10 LI ) 
I . e . , WAK ( t 2 - t 1 ) "" (L2-L1) 
h e r e ; 
W1 = d ry w e i g h t of whole p l a n t a t I g rowth s t a g e 
LI = l e a f a r e a of whole p l a n t a t I g rowth s t a g e 
t 1 = days t o s a m p l i n g a t I g rowth s t a g e 
W2 = d ry w e i g h t of whole p l a n t a t I I g rowth s t a g e 
12 = l e a f a r e a of whole p l a n t a t I I g rowth s t a g e 
t 2 = days t o s a m p l i n g a t I I g rowth s t a g e 
In = l o g a r i t h m t o b a s e e 
l o g l O = l o g a r i t h m t o b a s e 10 
3 . 7 . 3 Y i e l d p a r a m e t e r s 
The f o l l o w i n g p a r a m e t e r s were s t u d i e d f o r y i e l d 
a s s e s s m e n t a t the t ime of h a r v e s t , t a k i n g random samples of 
t h r e e ma tu re p l a n t s f o r a - c and t o t a l t h r a s h e d s e e d h a r v e s t f o r 
d and e . 
( a ) Pod n u m b e r / p l a n t 
(b ) Pod l e n g t h 
( c ) Seed number /pod 
(d ) 1,000 seed w e i g h t 
( e ) Seed y i e l d 
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3.8 Chemical analysis 
(I) Pyridoxine content of seeds of both the crops was estimated 
on dry weight basis before sowing them In the field. 
(II) Nitrate reductase activity (NRA) In leaves was measured at 
various stages of growth on fresh weight basis. 
(ill) Nitrogen, phosphorus and potassium content of leaves was 
estimated at various stages of growth on dry weight basis. 
(Iv) Protein content of seeds was estimated at harvest for 
assessing seed quality. 
3.8.1 Estimation of pyridoxine 
Seeds were dried and powdered. The powder was sieved 
and pyridoxine content was estimated colorlmetrlcally according 
to the method of Hochberg e_t_ a]^. (l9A4a,b) which Is described 
below: 
3.8.1 .1 Preparation of seed extract 
Weighed seed powder (lg) was taken In a 20 ml calibrated 
test tube. To this, 10 ml of 4N hydrochloric acid was added. 
The test tube was placed In a water-bath and heated for 1h, 
The contentsof the tube was stirred occasionally which helped 
In hydrolyslng the bound pyridoxine as well as In its extraction. 
The solution was cooled and the pH was adjusted to 3.0 with 1N 
sodium hydroxide and 1N hydrochloric acid. At this pH, 3 ml 
of buffer (sodium citrate) was mixed followed by the addition 
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of 2,5g of F u l l e r ' s ear th (formerly cal led Llyod's reagen t ; . 
The tube was stoppered and shaken occas'ionally for 5 min. The 
suspension was centrifuged and the supernatant discarded. The 
residue was washed with 15 ml of acidulated water. 5 ml of 2N 
sodium hydroxide solut ion was added to the residue and the 
f ina l valume was made upto 20 ml with d i s t i l l e d water. The 
suspension was dispersed for 3 min by frequent inversions of 
the tube which was thereaf te r centr ifuged. With 10 ml of the 
e lu te was mixed 50 ml of isopropanol and i t was again centrifuged. 
The c lear supernatant was decanted and i t s pH adjusted to 
5.0 - 7.0 by using a few drops of 12N hyarochloric ac id . This 
e x t r a c t was used for pyridoxine es t imat ion. 
3.8 .1 .2 Colour development and pyridoxine estimation 
The following tubes were se t up in order to estimate the 
pyridoxine content in the seeds: 
Test tube 1 ; 6 ml t e s t e x t r a c t + 2 ml ammonia-ammonium 
chloride solut ion + 1 ml boric acid so lu t ion . 
Itest tube 2 : 6 ml t e s t e x t r a c t + 2 ml ammonia-ammonium 
chloride solut ion + 1 ml d i s t i l l e d water. 
Test tube 3 : 6 ml t e s t ex t r ac t + 2 ml ammonia-ammonium 
chloride solut ion + 1 ml of standard pyridoxine 
hydrochloride solut ion containing 10 Mg of 
the vitamin. 
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In each t e s t tube, 1 ml of 2, 6 dichloroquinone 
chloroimide solut ion was added. Tfest tube 1 acted as the blank, 
The opt ica l density was read a t 660 nm on " Spectronic-20" 
colorimeter exact ly a f t e r 1 min of addi t ion of 2, 6 
dichloroquinone chloroimide reagent . The pyridoxine content 
of seeds was calculated by using the following formula ; 
^2 ^ 10 60 
X 
18 5 
~ - X —^^-i^- = Mg pyridoxine/g seed 
-^  powder. 
In the above equation : 
Lp represents op t ica l densi ty of the solut ion present in 
t e s t tube 2 . 
L^-Lp represents increase in op t i ca l density due to the 10 Mg 
pyridoxine added in t e s t tube 3 . 
W stands for weight of seed powder used. 
^ ^ ^ ^ • ^ i s used for d i lu t ion f ac to r . 10 
3.8 .2 .1 Estimation of NRA 
NRA was estimated in fresh leaf p i eces . Random samples 
of leaves from each p lo t were taken and cut in to small p ieces . 
The enzyme a c t i v i t y was determined according to the method of 
Jaworski (1971) described b r i e f l y below : 
10A 
500 mg leaf pieces were weighed and placed in polythene 
v i a l s . To each, 2.5 ml of phosphate buffer pH 7.0 and 0.5 ml 
of 0.2M potassium n i t r a t e so lu t ion were added, followed by-
addi t ion of 2.5 ml of 5?6 isopropanol . Lastly, two drops of 
chloromphenicol solut ion were added to avoid b a c t e r i a l growth 
in the medium. These v i a l s were incubated for 2h in dark a t 
30°C. 
3 .8 .2 .2 Colour development 
0.4 ml of incubated mixture was taken in a t e s t tube to 
which 0.3 ml of 1% sulphanilamide and 0.02% N-1 - nephthyl 
ethylene diamine hydrochloride (NED-HCl) were added. The 
so lu t ion was l e f t for 20 min for maximum colour development. 
I t was di luted to 5 ml with su f f i c ien t amount of d i s t i l l e d 
water and opt ica l density was read a t 540 nra using a 
" Spectronic-20" colorimeter , A blank consis t ing of 4.4 ml 
of d i s t i l l e d water plus 0.3 ml each of sulphanilamide and 
NED-HCl was used simultaneously for comparison. 
A standard curve was p lo t t ed by taking known, graded 
d i lu t ions of potassium n i t r i t e from a standard aqueous solut ion 
of t h i s s a l t . The opt ica l densi ty of the samples was compared 
with t h i s ca l ib ra ted curve and NRA was expressed as n mol NO^  
fresh leaf t i s s u e . 
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3.8.3 Estimation of leaf NPK 
Three plants from each plot were randomly chosen, 
cleaned with dry cloth and dried in an oven for 24h. Healthy 
leaves were plucked, powdered and passed through a 72 mesh 
screen. Nitrogen, phosphorus and potassium were estimated as 
described below : 
3.8.3.1 Digestion of leaf powder 
Leaf powder was digested according to Lindner (1944) for 
the estimation of nitrogen, phosphorus and potassium content 
of the leaf. To start with, 100 mg of dry leaf powder was taken 
in a 50 ml Kjeldhal flask. To this, 2 ml of cone, sulphuric 
acid was added and the mixture heated for 2h which turned the 
contents black. After cooling for 15 min, 0.5 ml of chemically 
pure 30% hyirogen peroxide was added drop by drop. The solution 
was again heated for about 30 min till the colour became light 
yellow. It was then cooled and 3-4 drops of hydrogen peroxide 
were added and again heated for about 15 min to get a clear 
solution. Excess of hydrogen peroxide was avoided as it could 
oxidise ammonia in the absence of organic matter. The peroxide 
digested material was transferred to a 100 ml volumetric flask 
with three or four washings with distilled water and the volume 
was made upto the mark. 
3.8.3.2 Estimation of ni t rogen 
The method of Lindner (1944) was adopted for the estimation 
of ni trogen in the samples. 
106 
A 10 ml a l i quo t of the peroxide digested material was 
taken in a 50 ml volumetric f l ask . To i t , 2 ml of 2.5 N sodium 
hydroxide and 1 ml of 10% sodium s i l i c a t e solutions were added to 
neu t ra l i se excess of acid and to prevent t u rb id i ty respec t ive ly . 
The volume of the solut ion was made upto the mark with the 
help of d i s t i l l e d water. In a 10 ml graduated t e s t tube, 5 ml 
a l iquo t of t h i s so lu t ion was taken and 0.5 ml Ness le r ' s reagent 
was added mixing thoroughly by vigorous s t i r r i n g . The f inal 
volume (10 ml) was made up with d i s t i l l e d water. After waiting 
for 5 min to get optimum colour development, the opt ica l density 
of the solut ion was determined a t 525 nm with a " Spectronic-20" 
color imeter . A blank, cons is t ing of d i s t i l l e d water and 
Ness le r ' s reagent, was run simultaneously. A standard curve, 
taking known d i lu t ions of a standard ammonium sulphate solut ion, 
was p l o t t e d . The reading of each sample was compared with th i s 
ca l ib ra t ion curve and ni trogen in leaves was estimated in terms 
of percentage on dry weight b a s i s . 
3 .8 .3 .3 Estimation of phosphorus 
Total phosphorus in the sulphuric acid-peroxide digest 
was estimated by the method of Fiske and Subba Row (1925). A 
5 ml a l iquo t was taken in a 10 ml graduated t e s t tube and 1 ml 
of molybdic acid (2.5% ammonium molybdate in ION sulphuric acid) 
was added careful ly followed by the addi t ion of 0.4 m^l of 
1-amino-2-naphthol-4-sulphonic ac id . The colour turned b lue . 
D i s t i l l e d water was used to make up the volume to 10 ml. The 
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solution was shaken, kept for 5 min and then transferred to a 
colorimetric tube. The optical density was read at 520 nm on 
a " Spectronic-20" colorimeter. A blank was run simultaneously 
with each determination. A standard curve was prepared by 
using knov/n concsntrations of monobasic potassium phosphate 
solution. The reading of samples was compared with this curve 
and phosphorus content in leaves was computed in terms of 
percentage on dry weight basis, 
3.8.3.4 .Sstimation of potassium 
Potassium content was estimated flame photometrically. 
A 10 ml aliquot was taken and it was read by using the filter 
for potassium. A blank was run side by side. The readings 
were compared with a calibration curve plotted with the help of 
known cilutions of a standard potassium sulphate solution. The 
potassium in leaves was expressed as per cent on a dry weight 
basis. 
3.8.4 Estimation of seed protein 
The protein content of seeds was extracted according to 
Yih and Clark (1965) and estimated by the method of Lowry e_t al_. 
(1951). Sufficient amount of seed powder was spread over a 
sheet of paper and dried overnight in an oven at 80 C. The 
dried samples were cooled in a dessicator for about 5 min before 
weighing. 50 mg of each sample was taken and transferred to a 
mortar. To it was added 1 ml of cold 5% trichloroacetic acid. 
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The powder was ground well and the homogenate was collected in 
a centrifuge tube v/ith repeated washings with t r i ch lo roace t i c 
ac id . The volume was made upto 5 ml with 5% t r i ch lo roace t i c 
ac id . I t was kept for 1h to allov/ the complete p rec ip i t a t ion 
of p ro t e in s . The samples were then centrifuged a t 4,000 rpm 
for 15 min and the supernatant was discarded. To the residue, 
5 ml of 1N sodium hydroxide solut ion was added and shaken well 
for complete mixing. I t was kept for half an hour on a water 
bath a t 50 C so as to dissolve the p rec ip i t a t ed proteins 
completely. After cooling for 15 min, the mixture was 
centrifuged a t 4,000 rpm for 15 min and the supernatant 
containing the pro te in was co l l ec ted . I t was then di luted with 
appropriate quant i ty of water and used for est imation of t o t a l 
pro te in in the seed, 
3.8.4.1 Colour development 
1 ml of the d i lu ted a l iquo t was taken in a t e s t tube. 
To i t , 5 ml of reagent B was added and l e f t for 10 min. 
Afterward, 0.5 ml of Fo l in ' s reagent was added with imjnediate 
mixing and kept for half an hour for optimum colour development. 
The opt ica l densi ty of each sample was measured a t 660 nra on a 
" 3pectronic-20" colorimeter . A blank, containing d i s t i l l e d 
water, reagent B and Fo l in ' s reagent, was used simultaneously 
with each sample. The reading was compared with a ca l ib ra t ion 
curve obtained by using known d i lu t ion of standard egg 
albumen so lu t ion . 
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The reagents used in all chemical analyses described 
above (Section 3.8) were prepared as described in the 
Appendix. 
3.9 S t a t i s t i c a l ana lys is 
All data were analysed s t a t i s t i c a l l y taking into 
considerat ion the var iab les in each experiment according to 
Panse and Sukhatme (1985). 
The " F" t e s t was applied to assess the significance of 
the data a t 5% level of p robab i l i t y (P 4 0 .05) . The er ror due 
to r e p l i c a t e s was a lso determined. The models of the analysis 
of variance (AMOVA) are given in T^ble 10. C r i t i c a l difference 
(C.D.) was calculated to compare the ef fect of various treatments, 
using the following formulae : 
( i ) C.D. a t 5% for factor I = / ' 3x f f c to? I f ^ ^ ^5% 
( i i ) C.D. a t 5% for factor I I = / 2 ^ | j £ I 2 £ - l l l S S l ^ t^^ 
( i i i ) C.D. a t 5% for i n t e r ac t ion = / 2 x i^rror (MSS) ^ ^^ _ 
Table 10. Models of analysis of variance (ANOVA) 
Experiment 1 (Fac tor ia l randomised block design) 
Source of va r i a t i on D.F. S.S. M.S.S. 
Replicat ions 2 
Basal N, treatments (B) 3 
Soaking treatments (S) 3 
In terac t ions (BXS) 9 
Error 30 
Total 47 
Experiment 2 (Factor ia l randomised block design) 
Source of v a r i a t i o n ' D.F. S.S. ' M.S.S. 
Replicat ions 2 
Basal P, treatments (B) 3 




Experiment 3 (Fac tor ia l randomised block design) 
Source of v a r i a t i o n D.F. S.S. M.S.3. 
Replicat ions 2 
Basal + Fol iar M, treatment s (B+F) 5 
Soaking treatments (S) 1 
In te rac t ions (B+F) X S 5 
Error 22 
Total 35 
Table 10 (contd.) Model of analysis of variance (Ai^ JCVA) 
Experiment k (Factorial randomised block design) 
Source ox variation D.F. S.S. M.3.S. 
Replications 2 
Basal-*-Foliar F, treatments (3+F) 5 
Soaking treatments (S) 1 
Interactions (B+F)XS 5 
Error 22 
Total 35 
Experiment 5 (Factorial randomised block design) 
Source of variation D.F. S.S. M.S.S. V 
R e p l i c a t i o n s 2 
Basal M, t r e a t m e n t s (B) 3 
Soaking t r e a t m e n t s (3) 3 
I n t e r a c t i o n s (3x3) 9 
E r r o r 30 
Total 47 
Experiment 6 ( F a c t o r i a l randomised b lock des ign) 
Source of v a r i a t i o n D.F. S .S . M.S.S. F 
R e p l i c a t i o n s 2 
Basal P, t r e a t m e n t s (B) 3 
Soaking t r e a t m e n t s (S) 3 
I n t e r a c t i o n s (BxS) 9 
E r r o r 30 
Total 47 
Table 10 . ( c o n t d . ) Model of a n a l y s i s of va r i ance (A.\IJVA) 
Experiment 7 ( F r a c t o r i a l randomised b lock des ign) 
Source of v a r i a t i o n D.F, 3 . S . M.S.Sc F 
R e p l i c a t i o n s 2 
E a s a l + F o l i a r N, t r e a tmen t s (B+F) 4 
Soaking t r ea tmen t s (S) 1 
I n t e r a c t i o n s (B+F)xS 4 
E r r o r 18 
Tota l 29 
Experiment 8 ( F r a c t o r i a l randomised block des ign) 
Source of v a r i a t i o n D.F. S.S. M.S.So F 
R e p l i c a t i o n s 2 
Basa l+Fo l i a r P, t r ea tments (B+F) 5 
Soaking t r ea tmen t s (S) 1 
I n t e r a c t i o n s (3+F)xS 5 
E r r o r 22 
Tota l 35 
N.B. 
D.F. Degree of freedom 
S .S . SUTTL of squares 
M.S.S. Mean square 
F Variance r a t i o 
C H A P T E R 4 
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CHAPTER 4 
EXPERIMENTAL RESULTS 
4 .1 Experiment 1 
In t h i s f a c t o r i a l randomised f i e l d t r i a l on l e n t i l 
varoT-36, the e f f e c t s of four b a s a l doses of n i t r o g e n , i . e . ^ 
15 kg N/ha (B^^^) , 30 kg N/ha {B^^Q), 45 kg N/ha (B^^^^) and 
60 kg N/ha (Bvr/-^) and p re - sowing seed t r ea tmen t with graded 
squeous pyr idox ine s o l u t i o n , v i z . ^ water-soaked (S^ ) , 0.2%(S^ ) 
0 .3% (Sp)* and 0.4% (S:,) , a lone and i n combinat ion, were s tud i ed 
on growth c h a r a c t e r i s t i c s , n e t a s s i m i l a t i o n r a t e (NAR), l e a f 
n i t r a t e r educ t a se a c t i v i t y (NRA), l e a f NPK con ten t , y i e l d 
a t t r i b u t e s , seed y i e l d and seed p r o t e i n c o n t e n t . The data are 
summarised in Table 11-16 and b r i e f l y desc r ibed below : 
4 . 1 . 1 Growth c h a r a c t e r i s t i c s 
Five growth p a r a m e t e r s , namely, r o o t l e n g t h , r o o t nodule 
number, r o o t f r e s h weight , r o o t dry weight and l e a f number were 
s t u d i e d a t 60, 90 and 120 days (d) a f t e r sowing (Tables 1 1 - 1 3 ) . 
4.1 .1 .1 Root l e n g t h p e r p l a n t 
The e f f e c t of n i t r o g e n a p p l i c a t i o n and of pre-sowing 
seed t r e a t m e n t wi th v i t . B^ s e p a r a t e l y and of t h e i r i n t e r a c t i o n 
























































































































































































































































m i n 
8 8 8 





































On comparing the e f fec t of n i t rogen, i t was noted tha t 
n i t rogen appl ica t ion upto B^.^- increased root length gradually 
and the highest dose, i . e ^ %60 P^°"^^^ de l i t e r i ous a t a l l 
growth s tages . Application of BJ,^Q proved optimum. I t was, 
however, a t par with Bj.,^ in i t s e f fec t a t a l l s t ages . 
Regarding soaking t rea tments , Sp gave maximum value 
a t a l l growth s t ages . At 60 days, S, had minimum value while 
a t l a t e r s tages , the lowest value was given by water soaked 
control (Sy). but the valueswere a t par with tha t for S , . 
Considering the In t e rac t ion e f fec t \-J^Q ^ S„ equalled 
by B^ T-c; ^ Sp, produced longest roo ts a t a l l three s tages . 
However, a t 50d the e f fec t of B^^ ^Q X S2 was a t par with tha t 
°^ %45 ^ ^1* %15 ^ '^W (^°" '^*^^°1) general ly gave poor 
response a t a l l growth s tages , with B^^ x S^ giving the poorest 
r e s u l t s . The combined dose (B^^ x S2) showed an increase of 
36.81% a t 60d, 53.10?^ a t 90d and 23.7196 a t 120d over 
%15 ^ W^* 
4,1 .1 .2 Root nodule number per p l an t 
The e f fec t of basal ni t rogen and pyridoxine treatment 
of seeds and of t h e i r i n t e r ac t ion was s ign i f i can t a t 60 and 90d. 
At 120d, the e f fec t of pre-sowing seed treatment with pyridoxine 
only found s ign i f i can t (Table 11) . 
B^,^ (equalled by Bj^ ^ ) produced maximum number of root 
nodules a t 60 and 90d. B^^ and B^^^* being equal in the i r 
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e f f e c t , gave lowes t v a l u e . With r e s p e c t to soaking t rea tment 
52 gave maximum value a t a l l growth s t ages and the va lues 
d i f f e r e d c r i t i c a l l y from those fo r o the r t r e a t m e n t s , e x c e p t 
53 a t 120d. 
P e r t a i n i n g to the i n t e r a c t i o n e f f e c t of n i t r o g e n and 
pyr idox ine t r e a t m e n t , i t was no ted t h a t Bj^^^ x Sp, e q u a l l e d by 
B«T/i- X S , gave maximum v a l u e s a t 60 and 90d, However, a t 90d, 
i t showed equa l e f f e c t with B^^^^ x S^  . The t r e a t m e n t B^ x S^ 
showed an i n c r e a s e of 66.67 and 114.13% a t 60 and 90d r e s p e c t i v e l y 
over Bj^ ^5 x S^. 
4 . 1 . 1 . 3 Root fresh weight per p lant 
I t i s e v i d e n t from Table 12 t h a t the e f f e c t of n i t r o g e n 
and pyr idox ine t r e a t m e n t were s i g n i f i c a n t a t 60, 90 and 120d. 
However, the i n t e r a c t i o n e f f e c t was s i g n i f i c a n t only a t 90 and 
120d. 
Regarding the e f f e c t of n i t r o g e n , maximum f resh weight 
of r o o t was recorded in %3o ^^^ the value d i f f e r e d c r i t i c a l l y 
wi th a l l o t h e r ^ a t 60 and 90d; whereas, a t 120d, i t was a t pa r 
with t h a t for 6.^,^;. c o n t r o l (B^^^^) gave p o o r e s t e f f e c t . 
P e r t a i n i n g to pyr idox ine t r e a t m e n t , maximum f resh 
weight was recorded in t r e a t m e n t Sp a t 120d. While a t 60 and 
90d the e f f e c t of t h i s t r e a t m e n t was s t a t i s t i c a l l y equal t o 
t h a t of S-,, S^ ( c o n t r o l ) and S^ showed equal and p o o r e s t 






















































































































































































































r^  in 



























































































































































































































































































When in te rac t ion e f fec t was taken in to consideration, 
i t was noted tha t Bjr/,15 >^  Sp equalled by Bj,^ x Sp gave maximum 
root fresh weight a t 90 and 120d. The combined dose of B^ 
and S2 increased fresh weight of root by 103.17 and 125.00% a t 
90 and 120d respec t ive ly over B^ ^^ j- x S... 
4.1 .1 .4 Root dry weight per p l a n t 
The e f fec t of ni t rogen and pyridoxine and of the i r 
i n t e r ac t i on on root dry matter production was s igni f icant a t 
a l l growth stages (Table 12) . 
The appl ica t ion of ni t rogen a t the r a t e of 45 kg N/ha 
(B«T/I-) r esu l ted in the production of maximum root dry weight 
IM45 
a t a l l growth s tages , i t s value d i f fer ing c r i t i c a l l y from those 
given by a l l other dressings a t 120d; but a t 60 and 90d i t was 
a t par with tha t for Bj^^o Control (Bj^-,^) and B^^ showed 
poorest and s imilar e f f e c t . 
Regarding pyridoxine t r e a t m e n t , i t was observed t h a t 
Sp produced s ign i f i can t ly maximum dry weight a t a l l growth 
s tages , except a t 60d, where t h i s treatment was a t par with S^  . 
On the other hand, the control (S,,) and 3^ (being s t a t i s t i c a l l y 
equal) gave lowest va lues . 
Considering the i n t e r ac t i on e f fec t of nitrogen 
appl ica t ion and pyridoxine treatment, B„^Q X Sp (equalled by 
B.^ c^ X Sp) proved bes t a t a l l three s t ages . However, a t 60d, 
the in te rac t ions B^^^Q X S^ and B^ ^^ ^ x S^  were a t par with the 
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above combinations and a t 120d the value was a lso a t par with 
t ha t for B^, c x S-, . B„-^ x Sp showed an increase in dry 
weight of 87.5?^ a t 60d, 65.71% a t 90d and 91.25% a t 120d 
compared with B^.^ x S,^. 
4 ,1 .1 ,5 Leaf number per p l an t 
The e f fec t of basal n i t rogen, pyridoxine treatment 
and of t h e i r i n t e r ac t ion on leaf number was s ign i f i can t a t a l l 
growth stages (Table 13)o 
Regarding the e f f ec t of ni t rogen appl ica t ion , i t was 
noted tha t Bj^ c^ (equalled by \^Q) proved bes t and differed 
c r i t i c a l l y from the lowest, i . e . , Bj^ r^ (control) and highest 
basal dose, v i z . Bj^ gQ, which showed the poorest e f fec t a t a l l 
growth s t ages . 
As far as the e f fec t of pyridoxine treatment was 
concerned, Sp Proved optimum a t a l l growth stages and the value 
differed c r i t i c a l l y from those for a l l other t reatments . 
Sy (cont ro l ) and S, had poores t e f f e c t . 
Per ta ining to the i n t e r ac t i on e f fec t , i t was observed 
t h a t B^ T/rr X So produced maximum number of leaves a t a l l three N-^ i 2 
s t ages . However, a t 60d and 90d, i t was a t par with tha t for 
BN30 "" ^2* ^. 
value a t the most s t ages . The increase due to the \-^Q ^ ^2 
over B,,.^ x S^ (control ) a t 60, 90 and 120d was 104,43, 6l«67 
N i p rf 
and 66,12% respec t ive ly . Moreover, a t 120d, the increase due 
to the Bj^ c^ X $2 was 77,83% in comparison with B j^^ ^ x S^. 
  * -^ NIS ^ W^ ^^'^ %60 ^ ^4 ^^^^ ^'^ ^^^ ^^^ ^^^® lowest 
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4.1 .2 Net ass imi la t ion ra te (NAR) 
NAR was determined for 60-90 and 90-120 days and 
the e f f ec t of ni t rogen, pyridoxine and of t h e i r in te rac t ion was 
found s ign i f i can t ( l^ble 13) . 
Regarding the e f fec t of n i t rogen, B^ ^^ ^ equalled by 
B^ gave highest NAR a t both i n t e r v a l s . On the other hand, 
Bj^ . (being a t par with BjrgQ) showed the poorest e f f ec t . 
Regarding pyridoxine t reatment , Sp gave maximum value 
a t both i n t e r v a l s , S^ ( con t ro l ) , showing equal ef fec t with S^, 
gave minimum value , 
Among the i n t e r ac t i ons , B^ ,^^  x Sp (equalled by 
B^^^ >: Sp) gave maximum value for both i n t e r v a l s . Application 
of Bj^^ X Sp increased NAR by 117.00 and 91.47% during 60-90 
and 90-120d respec t ive ly over B.^ c^ ^ S^. 
4 .1 .3 Ni t ra te reductase a c t i v i t y (NRA) 
Leaf NRA was estimated a t 60, 90 and 120d a f t e r sowing 
and the e f f ec t of ni trogen app l ica t ion , pyridoxine treatment 
and t h e i r i n t e r ac t i on was found to be s ign i f i can t a t a l l stages 
(Ifeible 13) . 
Among the various ni t rogen treatments, B^ r, j- proved 
optimum a t a l l growth s t ages . However, the value was a t par 
with t h a t for B^^Q a t 60 and 120d and differed c r i t i c a l l y with 
B^^^ a t a l l growth s t ages . 
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As far as pyridoxine treatment was concerned, i t was 
noted tha t Sp gave maximum value a t 60, 90 and 120d. At 
a l l three s tages , S^ (being a t par with S^) reg i s te red lowest 
va lue . 
Among various i n t e r a c t i o n s , B ^ ^ x Sp, Bj.rj- x Sp and 
^ 4 5 ^ S^  a t 60 and 120d as a lso B^^^ x Sp and B ,^^ - x Sp a t 
90d (showing equal e f fec t ) gave maximum value of NRA. 
Compared to B^^^ x S,., the treatment B^^Q ^ Sp enhanced NRA by 
23.00, 31.64 and 45.80% a t 60, 90 and 120d respec t ive ly . 
4 .1 .4 Leaf NPK content 
Leaf ni t rogen, phosphorus and potassium was estirr.ated in 
fu l ly expanded leaves a t 60, 90 and 120d a f t e r sowing. The 
data a t a l l s tages are presented in 'feble 14 and summarised 
below : 
4.1 .4,1 Nitrogen 
The e f fec t of ni trogen and pyridoxine treatment as well 
as of t he i r i n t e rac t ion on the concentrat ion of leaf nitrogen 
was noted to be s ign i f i can t a t a l l growth stages (Table 14) . 
At a l l three stages B^^^ (equalled by B^^ ^^ ) had higher 
ni trogen content in comparison to other t reatments . The 
lowest value was recorded in B,^ gQ. The increase in nitrogen 




































































N CD CM 
- » CTV O 








ya <n ir> o 
rg i n u) »-
• • • • 
CJ C\J CM CM 
K-> T - l O CM 
^ (J\ (j \ i n 
O O O O 
»- CM o i n 
CO CTl r- vi> 
















CM i n ^3 CO 
O vD m o 
t^ (n tn fn 
O O O O 
8 C3 v o K^ >I5 v o h -









i n & 
tn tn K\ rn N~\ O O O O O T-
o fn t n 
i n »n (n 
»- CM CM 
8 IO (M CM N (O fn CM <!• lO 
• • « • • (M 
CM r- T- »- T- • 
O 
m ^ vo vD i n 
m IX) t^ o <t 
CM CM CM CM CM • 
IX) m lO 







































































m fo fn CO ^^ 
CD CO X^ O t^ 
r n CM CM CM c\j 
t^ t n <x) i n rn 
m t*^  ^ i n O 
<f i n i n -^ i n 
«-, CO f~ vO T-
(n lO r - ^ ^ 
• • • • • 
(O -J <t rn - J 
>X) CD m vO vo 
t - O fO < f N 
• • • • • 















J - i n t^ »-
t^ CM CM i n 
CM t o K-l CM 
• • • • 
o o o o 
CM l<~\ VD t -
CM m i n i n 
tn CM r - T -
• • • « 




t n vn m 
•J- V£) 
o o o o 
yo <o t^ ^ ^ 
>X) 1X5 VO CD CM 
CM t n K> rn hn 
« • • • • 
o o o o o 
CM t o Q lO t o 
i n rn Q o CM 
T - CM tn CM CM 
• • • • • 







t^ vf) vD m 
O CM K^ CD 
u^ ii\ u> 
lO CD m o -J^ J - J - K-i t n vB 
• • • • » 
i n ^ -^ -^ <r 
t ^ J - CM 
'^ '? '? 
o o o o 
a\ t o 




IX) MD CM 




tn to t^ c^ >s 








i n 'O 'X3 i n i n O o o o o 
IX) OJ i n 
00 OD f--





i n i n -J 
O Ci C5 O O 
IX) 
t o VD t o 
to t^ O 
h - CM 
fO iX) 
-d- ^ i n -4^  J ' 
t^ (^ IX) 
a\ o ^ 
CM - 5 - * 
t o IX) 
t o t ^ 
fO t o 
















i:> R !S Sg 
z z: z z 4) 




i n O m CJ c 
T- t o -3- Co (0 
z Z Z Z (u 
cq P3 « pQ S 
-3 ID r- t^ 
i n >X) CD »-























































i n t o CO MJ r-
iX) t o t o "X) O 










t o t^ ^ i n i n 
t o crv vX) -^ CD n 
• • • • • 
CM CM t o CM CM P3 





















































CD "X) o >X) 00 
CM CO m iX) [^ 




i n o i n Q C • 
^ to - 3 M5 (fl Q 
z z z z «) • 
PQ Cq CQ m £ CJ 
117 
Regarding pyridoxine treatment, i t was noted tha t Sp 
gave maximum values for leaf ni t rogen content a t a l l s tages . 
S,, (control ) gave lowest value for leaf nitrogen content a t w 
a l l grov/th stages but the value was a t par with t h a t for S^ a t 
60.and 90 days. 
Among the various combinations of nitrogen and pyridoxine 
treatment, ^M^Q ^ Sp proved optimum a t a l l growth s tages . However, 
a t 60 and 90d, the value was a t par with tha t for B^AC ^ S^. 
The increase due to B^^Q X S2 a t 60 and 90d was 41.57 and 146.76% 
respec t ive ly ; while, a t 120d the increase due t^o Bj^^ x S2 and 
B^ T/^  X So was 150.38 and 172.93% respec t ive ly in comparison with 
W4-5 '^ 
%15 "" ^r 
4,1.4,2 Phosphorus 
It is evident from the Table 14 that the effect of 
nitrogen and pyridoxine treatment alone as well as of their 
interaction on the phosphorus content of leaves was significant 
at all three stages. 
Considering the effect of nitrogen application, phosphorus 
content in the leaves was maximum in the treatment ^^-ZQ and the 
value differed critically from those for all other treatments 
except B,^ ^^  at all stages. Application of B^ ^^ ^ and B,^^ 
(being at par in their effect) gave poorest value. 
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Taking the e f fec t of pyridoxine soaking in to considera-
t ion , i t was noted t h a t S2 gave maximum value for leaf phosphorus 
content a t a l l s t ages . 
With regard to the i n t e r ac t i on e f fec t , i t was noted tha t 
%30 ^ ^2 P^^ "^ *^^  optimum a t a l l s tages , but the value was 
s t a t i s t i c a l l y equal to t h a t for B r^/c- x Sp a t 60 and 90d and a t 
120d, to those for B^^Q X S^ , B^^^ x S^  and B^ ^^ ^ x S2. On the 
other hand, Bj^ ^^ x S^ (being a t par with ^^CQ ^ S^ and some 
other i n t e r ac t ions ) gave lowest value a t a l l growth s tages . The 
treatment B>r^ x Sp increased leaf phosphorus content by 113.139^ 
a t 60d, 206.58% a t 90d and 96.9796 a t 120d over B^^^ x S^. 
4 . 1 .4 .3 Potassium 
Potassium content of the leaves was a lso s ign i f i can t ly 
affected by ni trogen and pyridoxine treatment and by t h e i r 
i n t e rac t ion a t a l l growth stages ( l^ble 14) . 
The maximum potassium content was recorded in the BJ^ AC 
a t a l l growth s t ages . However, a t 60 and 90d the e f fec t of th i s 
treatment was a t par with t h a t of B ^ ^ . The control i'S'^^r^) 
gave s ign i f i can t ly lowest va lue . 
With regard to the e f f ec t of pyridoxine treatment on the 
potassium content of leaves , i t was found tha t S2 gave the 
maximum values a t a l l s t ages . On the other hand, S^ (control) 
and STT (being a t par ) gave the lowest va lue . 
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Inking i n t e r ac t i on e f fec t in to considerat ion, B^.^- x Sp 
(being a t par with \ ^ ^ 2^) gave the maximum value a t a l l 
s t ages . The i n t e r ac t i on B r^^ c x S^ (control ) (being a t par 
with B „ ^ >: S^) gave the lowest va lue . The treatment B ,^-^ x Sp 
enhanced leaf potassium content by 62.5% a t 60d, 100% a t 90d 
and 111.11% a t 120d in comparison with B .^.^ - x S^. 
4 ,1.5 Yield c h a r a c t e r i s t i c s 
Five yield parameters (pod number per p lan t , pod length, 
seed number per pod, 1,000 seed weight, seed yie ld) were studied 
a t harvest . The e f f ec t of ni t rogen dressing, pyridoxine 
treatment and of t h e i r i n t e r ac t i ons was found s ign i f i can t for 
pod number/plant and seed y i e ld . Moreover, ni t rogen and 
pyridoxine treatment alone affected 1,000 seed weight. The two 
remaining yield a t t r i b u t e s , v iz . ,pod length and number of seed 
per pod remained unaffected (l^bles 15-16). 
4 .1 .5 .1 Pod number per p l an t 
A gradual increase in pod number was found from B^ . j- to 
B»,, £-. The l o ' ^ s t value was given by B^g^. The e f fec t of various 
ni t rogen leve ls differed c r i t i c a l l y from each o ther . Of various 
pyridoxine t reatments , Sp proved bes t and the value differed 
c r i t i c a l l y from those for a l l other t rea tments . S^ (control) 
produced the lowest number of pods and the value was s t a t i s t i c a l l y 
equal to t h a t for S^. 
120 
Among various interactions, B^^Q X S^ (equalled by the 
%45 -^ ^2^ produced maximum number of pods per plant and this 
value differed critically from those for all other interactions. 
The interaction \ ^ ^ S^ produced 119.78% more pods per plant 
than B^^^ x S^ (l^ble 15). 
4.1 .5 .2 Pod length 
As mentioned e a r l i e r , n i t rogen and pyridoxine treatments 
separate ly as well as through t h e i r i n t e r ac t i on had the same 
e f fec t on length per pod as t he i r respect ive controls (l^ble 15). 
4 .1 .5 .3 Seed number per pod 
This parameter was a lso not affected s ign i f i can t ly , l ike 
pod length (Section 4 .1 .5 .2 ) by any of the treatments on t he i r 
i n t e r ac t ion (l^ble 15) . 
4 .1 .5 .4 1,000 seed weight 
The individual e f f ec t of ni t rogen and pyridoxine treatments 
was s ign i f i can t for 1,000 seed weight, but i n t e r ac t ion e f fec t 
was non-s ignif icant (Table 16) . Among various ni trogen l eve l s , 
BjVT^Q produced heaviest seeds but i t s e f fec t was s t a t i s t i c a l l y 
equal to tha t of B,w,-• The lov/est value was recorded in 
%60 ^^^ P^ "^  ''^^^ ^N15^-
Regarding the response of pyridoxine treatment, the 
e f f ec t of Sp and S^ r eg i s t e r ed s ign i f i can t maximum and minimum 
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4 ,1 .5 .5 Seed yield 
As mentioned e a r l i e r , the e f fec t of ni trogen appl icat ion, 
pyridoxine treatment as well as t h e i r i n t e rac t ion was s ign i f ican t 
on the economic (seed) yield of l e n t i l (Table 16) . 
Among various ni trogen t reatments , B ,^^ - gave s igni f icant 
maximum y ie ld . The value given by t h i s treatment was c r i t i c a l l y 
d i f f e ren t from those for the remaining t rea tments . On the other 
hand, B^.^; and B ^ ^ (being equal) gave lowest y i e ld . 
Per ta ining to pyridoxine treatment, Sp gave maximum seed 
yield t ha t differed s t a t i s t i c a l l y from those in the other 
t rea tments . On the other hand, S^ and S^ were equal in t he i r 
e f fec t and gave lowest va lue . 
Regarding the i n t e r ac t i on e f fec t , i t was observed tha t 
^M n^ ^ 2p Sa"^ e highest seed yield which was a t par with tha t for 
B,„^ X S^. The value of these in terac t ions differed s ign i f ican t ly 
N45 2 
from those for a l l o the r i n t e r a c t i o n s . An i nc r ea se 71.21% due 
t o the B^^ X S2 over B^^ ^^  x S^ was n o t e d . 
A .1 .6 Seed p r o t e i n c o n t e n t 
Seed p r o t e i n c o n t e n t was ( e q u a l l y ) enhanced most by 
B„^^ and B,./c • Their e f fec t differed c r i t i c a l l y from tha t of 
the r e s t of the t reatments . 
With regard to the e f f e c t of pyridoxine treatment on 
the p ro te in content of seeds, i t was found t h a t Sp reg is te red 
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maximum pro te in content . Treatment S^ (control) gave the 
lowest value which differed c r i t i c a l l y from"those for other 
t reatments , except S^. 
Regarding the i n t e r ac t i on e f fec t , i t emerged tha t 
^N30 '^ ^2 ^"^^ ^^^ highest p ro te in content; but the value was 
a t par with t h a t for B^ ^^ ^ x S2 only (I^ble 16) . An increase 
of 12.659^ was recorded in the ^:ZQ X Sp over B^.^ x S^, 
Considering the en t i r e data of th i s experiment, i t may 
be concluded t h a t t r e a t i ng the seeds of l e n t i l with a 0,3 per cent 
aqueous pyridoxine solut ion for 12h and applying 30 kg N (with 
45 kg P and 30 kg K /ha) a t the time of sowing ensured optimum 
seed yield and qua l i ty of t h i s crop. Therefore, these treatments 
may be adopted by the farmers of t h i s region (Western Uttar 
Pradesh) for p rof i t ab le cu l t i va t i on of l e n t i l . 
4.2 Experiment 2 
In t h i s f ac to r i a l randomised f i e ld t r i a l , the effects 
of four basal doses of phosphorus, i . e . , 1 5 kg P/ha (Bp^c)» 
30 kg P/ha (Ep^o^' ^^ ^° ^^^^ ^^P45^ '^^ '^  ^ ^° ^^^'^ ^^P60^ "^^ ^ 
presowing seed treatment with graded aqueous pyridoxine solut ion, 
v i z . , water soaked (S^), 0.2% (S^), 0.3% (S2) and 0.4% (S^) 
pyridoxine alone and in combination, was studied on growth 
c h a r a c t e r i s t i c s , ne t ass imi la t ion r a t e , leaf n i t r a t e reductase 
a c t i v i t y , leaf NPK content, yield a t t r i b u t e s , seed yield and 
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seed prote in content of l e n t i l var .T-36. The data are summarised 
in I^ble 17-22 and are b r i e f l y described below : 
A,2,1 Growth c h a r a c t e r i s t i c s 
Five growth parameters, namely, root length, root nodule 
number, root fresh weight, root dry weight and leaf number, were 
studied a t 60, 90 and 120d a f t e r sowing. The data are given in 
Tables 17-19. 
4 .2 .1 .1 Root length per p l a n t 
The e f fec t of basa l phosphorus appl ica t ion , pre-sov/ing 
seed treatment with pyridoxine and the i r i n t e r ac t ion on root 
length was found s ign i f i c an t a t a l l the three growth stages 
(Table 17) . 
When the e f f ec t of phosphorus was taken in to considera-
t ion , treatment Bp ,^^  proved optimum but was s t a t i s t i c a l l y equal 
to Bp,^ a t 60 and 90d. Thelowest dose (Bp^c) gave the minimum 
value a t 60 and 120d while a t 90d the ef fect was equalled by 
^P50* 
Ihe pre-sowing seed treatment Sp re su l t ed in longest 
roots a t a l l growth s t ages . The value differed s ign i f i can t ly 
with those for a l l other treatments a t a l l s tages , except a t 
60d when i t was a t par with t h a t for S^. 
The i n t e r ac t i on B x S. gave maximum root length a t 
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to those for Bp-,^  x S2, Bp,^ x S^  and Bp,^ x S2 a t 60d; and a t 
90 and 120d to those for Bp^^ x S2 and Bp^^ x S^. The combined 
dose of Bp^ Q and S. showed an increase of 69.28% a t 60d, 50o24% 
a t 90d and 40.16?^ a t 120d over Bp^^ x S^. 
4.2o1.2 Root nodule number per p l an t 
The e f fec t of basal app l ica t ion of phosphorus and 
pre-sowing seed treatment with pyridoxine alone, as well as of 
t h e i r i n t e r ac t ion on root nodule number was s ign i f i can t a t a l l 
growth stages (Table 17)« 
Regarding the e f fec t of phosphorus, i t was noted tha t 
Bp^„ equalled by Bp, produced maximum root nodules a t a l l growth 
s t ages . Bp.c- gave lowest value a t a l l s tages ; but, a t 90d i t 
was a t par with BpgQ* 
urn Among pre-sowing seed t rea tments , Sp gave the maxim 
and S^ , the minimum value a t a l l growth s tages . 
The in t e r ac t ion Bp,Q x S. (equalled by Bp^^ x S2) proved 
bes t a t 60 and 90d. However, a t 120d, the i n t e r ac t ion Bp^ x S^  
was a t par with Bp,Q x S2 a l s o . The optimum in te rac t ion 
(Bp^ X S. ) showed an increase of 100, 45.48 and 95.66% a t 
60, 90 and 120d respec t ive ly over Bp^^ x S^. 
4 . 2 . 1 , 3 Root fresh weight per p l an t 
The e f fec ts of basal app l ica t ion of phosphorus and of 
pyridoxine treatment alone as well as of t h e i r in te rac t ion were 


































































































































































































































































































































































































































































































Bp_p^  equalled by B , gave maximum root fresh weight a t 
a l l growth s t ages . Among soaking treatments , Sp produced maximum 
fresh weight of root a t a l l growth stages and the value differed 
c r i t i c a l l y from those for a l l other t rea tments . 
When the i n t e r ac t i on e f f ec t was taken into consideration, 
i t was observed tha t Bp,c- x $2 produced maximum fresh weight of 
roo t a t a l l growth stages and the value differed s ign i f ican t ly 
from those for a l l other combinations a t 60d. However, i t was 
a t par with Bp^ x S^, Bp^ x S^ and Bp^^ x S-j a t 90d and with 
Bp,Q X S^  and Bp^ x S2 a t 120d r e spec t ive ly . Moreover, a t 60d 
the e f fec t of Bp^ Q x S-j was found second to Bp,c ^ S^. At th i s 
s tage, the i n t e r ac t i ons Bp,c- x Sp and Bp^„ x S^  showed an increase 
of 117.5 and 57.5% respec t ive ly over ^p-^c ^ S^ which gave the 
lowest va lue . At 90 and 120d Bp-, x S. showed an increase of 
100,00 and 87.00% in fresh weight of root respec t ive ly over 
^P15 ^ W^* 
4.2.1.4 Root dry weight per plant 
The effects of phosphorus and pyridoxine treatment alone 
and of their interaction were significant on the dry weight of 
root at all growth stages (Table 18). 
When the effect of phosphorus was considered, it was 
found that Bp^ produced maximum dry weight and the value 
differed significantly from those for all other phosphorus 
levels except Bp^c at all growth stages. On the other hand, 
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Bp^c gave the lowest value a t a l l growth s tages , except a t 
60d, when i t was equal to tha t for BpgQ. 
With respect to pre-sowing seed treatment with pyridoxine 
solut ions Sp proved bes t for roo t dry weight a t a l l growth stages; 
but i t was equalled by S^  a t 60 and 120d, 
The i n t e r ac t i on B x S^  showed maximum value a t a l l 
growth s t ages . However, the value was s t a t i s t i c a l l y equal to 
t h a t for Br./r: x S^ a t 60d and 90d; while a t 120d i t s ef fec t was 
a t par with those of Bp^ Q x S^, Bp^ x S^  and Bp^^ x S^ • The 
i n t e r ac t i on Bp^ ^^  x S, showed an increase for 103.03% a t 60d; 
70.00% a t 90d and 150.00% a t 120d over Bp^^ x S^. 
4.2 .1 .5 Leaf number per plant 
The e f fec t s of phosphorus and pyridoxine treatments and 
of t he i r i n t e r ac t i on on leaf production were found s igni f icant 
a t a l l growth stages (Table 19) . 
Regarding the e f fec t of phosphorus, i t was noted tha t 
Bp^TQ equalled by Bp/c- produced maximum leaves a t a l l growth 
s t ages . Treatment Bp^ -^ produced the lowest number of leaves, 
the e f fec t being c r i t i c a l l y d i f fe ren t from those of a l l other 
basal doses of phosphorus. 
Regarding soaking treatment, Sp proved bes t and the 
STJ (control ) showed poorest e f f ec t a t a l l growth s tages . The 
values for a l l treatment a t these stages differed c r i t i c a l l y 
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Among d i f fe ren t i n t e r a c t i o n s , Bp x S^  gave maximum 
number of leaves a t a l l growth stages and the value was c r i t i c a l l y 
d i f fe ren t from those for a l l other treatments except Bp,c- x Sp. 
Application of Bp^„ x S. increased leaf number by 123.18% a t 60d; 
60.91% a t 90d and 43.49% a t 120d compared with Bp^. x S.^  a t the 
respect ive growth s t age , 
4 .2 .2 Net a s s imi la t ion ra te (NAR) 
Net ass imi la t ion ra te was computed for 60-90 and 90-120d 
periods and was s ign i f i can t ly affected by phosphorus and 
pyridoxine treatments alone and by t h e i r i n t e rac t ion (ifeble 19). 
When the e f fec t of phosphorus was considered, Bp^„ proved 
bes t a t each of the two i n t e r v a l . However, a t the f i r s t i n t e rva l , 
t h i s t reatment was s t a t i s t i c a l l y equal to Bp,c- in i t s e f fec t . 
In r e l a t i o n to soaking, S^ was found to be responsible 
for the highest value a t both i n t e rva l s -S^ (control ) exhibited 
the poorest e f fec t on NAR a t both i n t e rva l s and i t s values were 
c r i t i c a l l y d i f fe ren t from those for the other seed treatments . 
Among various i n t e r a c t i o n s , Bp^^ x S, and Bp,(- x $2 
(showing equal e f f ec t ) gave s ign i f i can t ly higher value in 
comparison with a l l other i n t e r ac t i ons a t both i n t e r v a l s . 
Bp^ X S gave an increase of 59.70 and 30.05% a t 60-90 and 
90-120d respec t ive ly over t h e i r respect ive Bp^^ x S^ va lues . 
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4 .2 .3 Nit ra te reductase a c t i v i t y (NRA) 
Leaf n i t r a t e reductase a c t i v i t y was measured a t 60, 90 
and 120d. The effect of phosphorus and pyridoxine treatments 
and of t h e i r i n t e r ac t ion s i g n i f i c a n t l y affected a c t i v i t y of th i s 
enzyme a t a l l stages (Tfeible 19) . 
On comparing the values given by phosphorus treatments, 
maximum NRA was noted in Bp^^ and the value differed c r i t i c a l l y 
from those for a l l other treatments a t a l l growth s tages, except 
a t 120d when i t was equalled by Bp,c• Bp^  (control ) gave 
s i gn i f i c an t l y lowest va lue . 
Ifeiking the e f fec t of pyridoxine treatment in to consi-
dera t ion, i t was revealed t h a t S^ and S^ (control ) showed s i g n i -
f i c an t l y maximum and minimum enzyme a c t i v i t y a t a l l growth stages 
Among the i n t e r a c t i o n s , Bp^ x S^  proved best a t a l l 
growth stag-es. However, the value was s t a t i s t i c a l l y equal to 
tha t for Bp^c x S2 a t 60 and 90d; but a t 120d, Bp^^ x S2, 
followed by Bp^ x S^, gave the highest value which differed 
c r i t i c a l l y from the values for other treatment^. The in te rac t ion 
Bp^ Q ^ S^  increased enzymatic a c t i v i t y over Bp._ x S^ by 35*^0 
and 49.89% a t 60 and 90d r e spec t ive ly . However, a t 120d 
%>45 ^ ^2 ^^^ "^ P^ O "^  '^ 1 ^ ^ ^ ^^ increase of 79.11 and 71.73% 
re spec t ive ly . 
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4 .2 .4 Leaf NPK content 
Leaf ni t rogen, phosphorus and potassium contents were 
est imated a t 60, 90 and 120d and • noted to be significantly-
affected by phosphorus and pyridoxine treatments separately as 
well as in combination (Table 2 0 ) . 
4 .2 .4 .1 Nitrogen 
I t i s evident from Table 20 tha t basal appl ica t ion of 
30 kg P per ha (BD^^Q) increased ni t rogen content of leaves most 
a t a l l growth s t ages . However, i t s value was a t par with 
Bp-c a t 60d and with Bp,i- and B p ^ a t 120d respec t ive ly . 
Bp^c (cont ro l ) gave the lowest value a t a l l s t ages . 
When the e f fec t s of pyridoxine treatment were considered, 
Sp proved bes t a t a l l growth s tages , differ ing from the r e s t of 
the t rea tments . On the other hand, S^ (control) showed the 
poorest e f f e c t . 
Regarding the in t e r ac t ion e f fec t , Bp-,^  x S^  gave the 
highest leaf ni t rogen content a t 60 and 90d and the value differed 
s ign i f i can t ly from those for other in te rac t ions except Bp^^ x S^  
a t 60d. At 120d Bp^ x S^  was equal to Bp x S^ and Bp^^ x S^  
and differed c r i t i c a l l y from a l l other in te rac t ions in i t s 
e f f e c t . Bp^ X S^  increased lea f ni trogen content by 51.29, 
81.16 and 53.04% a t 60, 90 and 120d, the increase due to 
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4 .2 .4 ,2 Phosphorus 
The e f fec t of phosphorus and pyridoxine treatments alone 
as well as of the i r i n t e rac t ion on- the phosphorus content of 
leaves was s ign i f i can t a t a l l s tages (I^ble 20 ) . 
Considering the e f fec t of phosphorus appl ica t ion a t a l l 
three s tages , the percentage of phosphorus in the leaves was 
maximum in treatment Bp^^ which differed s ign i f i can t ly from 
others but was equalled by Bp^c • Application of Bp^^ and Bp^ 
(showing equal e f f ec t ) had lowest value a t 60 and 90d; but, a t 
120d, Bp-jc gave tlys lowest value tha t differed c r i t i c a l l y from 
those of a l l other t reatments . 
Regarding the e f fec t of pyridoxine treatments, Sp 
produced the maximum phosphorus content of leaves a t a l l growth 
stages and S,, showed the poorest e f f e c t . 
Among various combinations, Bp., x S^  gave maximum value 
a t a l l growth s t ages . However, the value was a t par with those 
of Bp^ X Sp and Bp, x S2 a t 60d and with Bp^^ x S^ a t 90 and 
120d. The i n t e r ac t i on Bp^ x S^  gave an increase in leaf 
phosphorus content of 70.59% a t 60d, 66.57% a t 90d and 60% a t 
120d over the Bp^^ x S.^ o 
4.2.4o3 Potassium 
Like ni t rogen and phosphorus content, potassium concen-
t r a t i o n in leaves was s ign i f i can t ly affected by the appl icat ion 
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of phosphorus and pyr idox ine alone and by t h e i r i n t e r a c t i o n a t 
a l l t h ree s t ages ( f e b l e 2 0 ) . 
Regarding the e f f e c t of phosphorus on potassium content 
of l e a v e s , B p ^ ( e q u a l l e d by Bp/^^) Proved b e s t a t a l l growth 
s t a g e s . 
Among v a r i o u s soaking t r e a t m e n t s , Sp gave maximum 
potass ium con ten t of l e aves and the value d i f f e r e d s i g n i f i c a n t l y 
from a l l treatm.ents a t 60 and 120d b u t was equa l to t h a t for 
S^  a t 90d. S,. ( c o n t r o l ) gave the lowes t va lue a t a l l s t a g e s . 
Iciking the i n t e r a c t i o n e f f e c t i n t o c o n s i d e r a t i o n , i t was 
r e v e a l e d t h a t Bp-, x S. gave the b e s t r e s u l t s a t a l l growth 
s t a g e s . However, the va lue was e q u a l l e d by Bp,Q x S^, Bp^- x S^  
and Bp,£- x Sp a t 60d and, a t 90 and 120d, by the i n t e r a c t i o n s 
B^^^ X S„, B^, ^ X S„ . Ibe i n c r e a s e due to B^..^ x S. over P30 2 P45 2 P30 1 
Bi.^^ X S,, was 58.82% a t 60d, 84.62% a t 90d and 74.83% a t 12Qd. 
4 . 2 , 5 Yield c h a r a c t e r i s t i c s 
Five y i e l d pa ramete rs (pod number /p lan t , pod l eng th , 
seed number/pod, 1,000 seed weight and seed y i e l d ) were s tudied 
a t h a r v e s t . The e f f e c t of phosphorus d r e s s i n g , p y r i d o x i n e 
t r ea tmen t and of t h e i r i n t e r a c t i o n was s i g n i f i c a n t on a l l y i e ld 
pa r ame te r s , excep t the i n t e r a c t i o n e f f e c t on 1,000 seed weight . 
The data are given in Tkbles 21-22 and a r e summarised below: 
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4.2 .5 .1 Pod number per plant 
With regard to the e f f ec t of phosphorus, Bp^„ (equalled 
by Bp^^) produced maximum pods and the value differed s igni f ican t ly 
from those for the remaining phosphorus t reatments . 
Of the various doses of pyridoxine treatments, S„ proved 
b e s t . Each pyridoxine treatment differed c r i t i c a l l y from the 
other in i t s e f fec t on t h i s parameter. The lowest value was 
given by the water-soaked control (S^) . 
Among various i n t e r a c t i o n s , the e f fec t of Bp x S^  was 
maximum which was a t par with t h a t for Bp,^ x Sp. The values 
recorded for these two combinations s ign i f i can t ly differed from 
those for the others (Table 21 ) . The in t e rac t ion Bp^ x S^  gave 
an increase of 95.52% over Bp^^ ^ S^. 
4 .2 .5 .2 Pod length 
The longest pods were produced as a r e s u l t s of the 
appl ica t ion of Bp^ Q^ and value differed s ign i f i can t ly from those 
for the r e s t of the treatments except for Bp^^. Control (Bp^^) 
had the poorest e f fec t on pod length . 
Regarding the e f fec t of pyridoxine t reatments , Sp 
produced longest pods and the value s ign i f i can t ly differed from 
those for a l l remaining t rea tments . Control (S,^) gave the 
poorest r e s u l t . 
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With regard to the in t e rac t ion e f fec t , appl ica t ion of 
Bp^ Q X S^  gave maximum value which was a t par with tha t for 
BpAc; ^ Sp, but s ign i f i can t ly differed from those for other 
i n t e r ac t ions (Table 21) . Bp^^ x S. gave an increase of 29.11% 
over Bp^^ x S-^ . 
A.2.5.3 Seed number per pod 
The maximum seed number was noted with the appl icat ion 
of Bp^ and the e f fec t of each l eve l of phosphorus differed 
c r i t i c a l l y from the o ther . The lowest value was given by 
%15 ( c o n t r o l ) . 
With regard to the ef fec t of pyridoxine treatment, Sp 
produced maximum seeds and the value differed s ign i f i can t ly 
from those for the remaining pyridoxine t rea tments . S^ (control) 
gave the lowest number of seeds per pod. 
Among various in t e rac t ion t reatments , appl ica t ion of 
Bp^„ X S^  gave maximum value which was a t par with t h a t for 
Ep,c: ^ Sp but s ign i f i can t ly differed from a l l other in te rac t ions 
(Table 21) . The in t e r ac t ion Bp^^ x S^  gave an increase of 
85.41% over Bp^^ x S^. 
4 .2 .5 .4 1,000 seed weight 
As mentioned e a r l i e r , the e f fec t of phosphorus and 
pyridoxine treatments alone was s igni f icant , for 1,000 seed 
weight. However, t h e i r i n t e r ac t i on e f fec t was non-s ignif icant 
(Table 22) . 
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Among various phosphorus l e v e l s , Bp^ produced heaviest 
seeds; but the value was a t par with those for Bp,^ and Bp^ ^ . 
The control (Bp^^) gave the l i g h e s t seeds. Regarding the 
response of pyridoxine soaking, i t was found tha t Sp gave maximum 
va lue . However, i t was a t par with t ha t for S-, . S,, gave the 
poorest e f f ec t . 
4o2.5.5 Seed yield 
As mentioned e a r l i e r , the e f fec t of phosphorus and 
pyridoxine treatments and of t h e i r i n t e rac t ion on seed yield 
was s ign i f i can t (Table 22 ) . 
Among various phosphorus treatments, Bp^ Q (equalled by 
BpAc) gave the maximum y i e ld . The lowest yield was recorded in 
Bp-jc ( c o n t r o l ) . 
Per ta ining to the pyridoxine t reatments , S gave the 
maximum seed y ie ld . Control (3^) gave the lowest y ie ld . 
Regarding the i n t e r ac t i on ef fec t , i t was revealed tha t 
Bp^^ X S. gave highest seed y i e l d . However, the value was 
s t a t i s t i c a l l y equal to t ha t for Bp^^ x S2 but differed s i gn i -
f i can t ly from those for the r e s t of the i n t e r a c t i o n s . The 
^ ^ W " i n t e rac t ion Bp^ x S^  gave an increase of 31 .05% over Bp^^ 
4 .2 .6 Seed pro te in content 
I t i s evident from Ifeble 22 tha t maximum seed protein 
content was given by Bp^^ but was equalled by BpAK• ^® lowest 
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pro te in content was recorded in the control (Bp^c)o 
With regard to the e f fec t of pyridoxine treatments, S 
produced maximum pro te in content and i t s value was c r i t i c a l l y 
d i f fe ren t from those of the remaining pyridoxine t reatments . 
Control (3,.) gave the lowest value which was s t a t i s t i c a l l y 
equal to tha t for S^. 
Regarding the i n t e r ac t i on e f fec t , i t emerged tha t 
E p ^ X S. gave the highest p ro te in content . However, i t s value 
was s t a t i s t i c a l l y equal to tha t for Bp^^ x S^ and Bp^^ x S2 but 
differed c r i t i c a l l y from those for the r e s t of the in te rac t ions 
(Table 22) . The in t e r ac t ion Bp,Q x S^  gave an increase of 18.27% 
in pro te in content of seed compared with Bp^c x S.^ . 
In conclusion, i t may be noted tha t , among soaking 
treatments, 0.2 per cent aqueous pyridoxine solut ion (S-|) and, 
among basal t reatments , 30 kg P in the presence of 45 kg N and 
30 kg K/ha would ensure highest y ie lds with l e a s t investment. 
4 .3 Experiment 3 
In t h i s f a c t o r i a l randomised f i e ld experiment on l e n t i l 
var .T-36, the treatments consisted of ( i ) tr^o basal doses of 
n i t rogen, i . e . , 15 kg N/ha (Bj^^^) and 30 kg N/ha (^^Q)* both 
supplemented with f o l i a r spray of three doses of aqueous solut ion 
of urea ni t rogen, v i z . , 0 . ( c o n t r o l ) , 5 and 10 kg N/ha 
(F^, F^c and P^^Q) a t pod f i l l i n g s tage, i . e . ,100d and 
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( i i ) soaking in two leve ls of aqueous pyridoxine s o l u t i o n , i , e . , 
0.2 and 0.3/^ (S. and Sp r e s p e c t i v e l y ) . The basal doses of 
ni t rogen and d i lu t ions of pyridoxine solut ion were selected on 
the bas is of the r e s u l t s of Experiment 1. 
The same parameters, as indicated in Experiment 1,were 
studied for growth, net a ss imi la t ion r a t e , n i t r a t e reductase 
a c t i v i t y , leaf NPK content, y ie ld and qua l i ty c h a r a c t e r i s t i c s . 
The data are presented in Tables 23-27 and are summarised 
below: 
4 .3 .1 Growth c h a r a c t e r i s t i c s 
In th i s experiment, the sampling was done 20d a f te r 
applying the f o l i a r spray (I20d) to assess the growth performance 
of the crop as affected by various t rea tments . The data are 
presented in Tables 23-24 and are b r i e f l y described below. 
4 .3 .1 .1 Root length per p l an t 
The e f fec t s of ni trogen treatment, soaking treatment and 
t h e i r i n t e rac t ion were s ign i f i can t for t h i s parameters (Table 23) 
Regarding the e f fec t of ni t rogen treatments , maximum root 
length was given by the p lan t s receiving B^-^iz '*' ^^ 5^ • However, 
i t s value was a t par with tha t for B '^]5'*"Fj^ -|o * Regarding soaking 
treatment, Sp gave s ign i f i can t ly higher value than S^  o 
Regarding the i n t e r ac t i on e f fec t of ni trogen and 
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optimum. This i n t e r ac t i on increased root length by 42.40% over 
4 .3 .1 .2 Root nodule number per p lan t 
The e f fec t of ni trogen and of i t s i n t e rac t ion with 
pyridoxine on the number of nodules per p l an t was s ign i f i can t . 
However, seed soaking resu l ted in equal e f fec t of both leve ls 
of pyridoxine (Table 23) . 
As i s evident from I^ble 23, the e f f ec t of Bj^ c^ + F^ jr was 
l e a s t but was s t a t i s t i c a l l y equal to t ha t of BNIR'^'^NIO * 
Application of BJ^^Q+F^ showed the poorest e f f e c t . 
Among the various i n t e r a c t i o n s , ^^N15*^N5^ •'^  ^2 Save 
higher number of nodules in comparison to the other in te rac t ions , 
except (BP|^5 + FJ^^Q) X S^ . The increase in nodule production 
due to (3^ -^^ 5+F^^ )^ X S2 over (B^^^+F^) x S^  was 6.00 per cent . 
4 . 3 .1 .3 Root fresh weight per p lan t 
The e f fec t of ni trogen,pyridoxine and the i r in te rac t ion 
on the fresh weight of root per p lan t was s ign i f i can t (Table 23) . 
BM^ r- + F,.,c gave maximum root fresh weight but i t was 
equalled by B^.^+F^^„. Fresh weight of root given by S2 was 
s ign i f i can t ly higher than t h a t given by S^. 
Per ta in ing to the i n t e r ac t i on e f fec t , maximum fresh 
weight of root was recorded in (BN15"*'^ iNJ5^  -^ ^2 ' however, in i t s 
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e f f ec t , i t was equalled by (Bivj-]5"*"F^ -^]o) ^ ^ . The in te rac t ion 
(B^^ +F ) X S^ increased the fresh weight of root by 140,11% 
over (B^^3+F^) x S^  . 
4 . 3 .1 .4 Root dry weight per p l a n t 
The e f fec t of ni t rogen appl ica t ion and of i t s in te rac t ion 
with pyridoxine soaking treatment was found s ign i f i c an t , However, 
the two concentrat ions of pyridoxine (S^ and S2) did not produce 
s ign i f i can t ly d i f fe ren t dry weight of root (Table 23) . 
Application of Bj^ i5"'"F^ j5 proved optimum for root dry 
matter production. I t s e f f ec t was however, s t a t i s t i c a l l y equal 
to t ha t of Bj^ ^^+F^^^Q. 
Regarding the i n t e r ac t i on e f fec t , (Bj^^c+F^^) x S^* 
showing equal e f fec t with those for (B .^j^ ^+F^^ )^ x S^  , (BJ^^^'^F.^^Q ^ "^^ 1 
and (B.^^C'*"F.W^Q) X Sp gave a higher value than did a l l other 
i n t e r a c t i o n s . »reataent (Bj^ ^^+F^^^) x S2 increased dry weight 
of root by 60.00% over (B-^ -^|c'*'F )^ x S^  . 
4 .3 .1 .5 Leaf number per p l an t 
The e f fec t of app l ica t ion of ni t rogen, pyridoxine soaking 
and the i r i n t e r ac t i on on leaf production was s ign i f i can t 
(T^ble 24) . 
B .^£- + F«,c produced s i gn i f i c an t l y more leaves in comparison 
to other ni t rogen treatments , except BJ^^C+F^^-JQ • Among the t^ fO 
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Regarding the in t e rac t ion ef fec t , (Bj,.c5+Frai-) x Sp 
produced maximum leaves . However, the value was equalled by 
^%15"'"%10'^ '^ ^1* ^ ^ i n t e r ac t ion , ( ^ - i ^^^^ ) ^ S2 gave an 
increase of 3^.77% over (Bj^ -j^  + F^) x S^  . 
4 .3 .2 Net a s s imi la t ion ra te (NAR) 
Net ass imi la t ion ra te was estimated only for 90-120d 
in t e rva l and the e f f ec t of n i t rogen, soaking treatment and of 
t h e i r i n t e r ac t i on was s ign i f i can t (Table 24) , 
Application of %-ic5"'"F\jc- (showing equal e f fec t with 
B .^c- + Fj^ j^~j) gave higher value of NAR in comparison to other 
t reatments . Plants receiving B^^^Q+FJ^^ and B^^^+F^^^ nitrogen 
gave lowest (equal) va lues . With regard to the soaking 
treatments Sp reg i s t e red a higher value than S^  . 
htegarding the i n t e r ac t i on e f fec t , (BN']5'^ j^y}5) ^ ^2 proved 
bes t . This i n t e r ac t i on enhanced NAR by 36.96% over (Bj;^^5+F.^ )xS .^ 
4 .3 .3 Ni t ra te reductase a c t i v i t y (NRA) 
Nit ra te reductase a c t i v i t y was estimated in leaves a t 
120d. The e f fec t s of ni t rogen, pyridoxine soaking and thei r 
i n t e rac t ion were found to be s i g n i f i c a n t (Ifeible 24) . 
Regarding the e f fec t of ni t rogen treatment, i t emerged 
tha t Bj^^^+Fj^^, equalled by BJ^^^+F^^Q, was b e s t . Soaking in S2 
showed s ign i f i can t ly higher NRA than t h a t in S^  <. 
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Among d i f fe ren t i n t e r a c t i o n s , (%-i5'*"f'r\i5) ^ ^p P^°'^ s<^ 
optimum and gave c r i t i c a l l y d i f fe ren t value than those for a l l 
other i n t e r ac t i ons , except (Bfyj-i5"*"FM']o^  x S^  . An increase of 
22.48% was recorded in (Bj^^^+Fj^^) x S2 over (Bj^-i^+F^) ^ S^  . 
4 .3 .4 Leaf NPK content 
Like the other c h a r a c t e r i s t i c s noted above, leaf NPK 
content was also estimated a t 120d. The NPX content of leaves 
was found to be s i g n i f i c a n t affected by nitrogen treatm.ent, 
pyridoxine soaking and t h e i r i n t e rac t ion (Table 25) . 
Regarding ni t rogen appl ica t ion , BM>I5'''FM5 (equalled by 
'^\I15'*"^ M10^  proved bes t for NPK content in l eaves . Whereas, 
regarding the soaking of seeds in pyridoxine so lu t ion , S2 showed 
s ign i f i can t ly higher value for leaf NPK than S.j , 
Among various i n t e r ac t i ons (S|vj-]c+Fj^ c) ^ S2 gave the 
highest NPK content of leaves but the value for N and P was a t 
par with t ha t noted in (Bj^ i5"^Fj^ io ^ x S^  . The i n t e r ac t ion 
(Bj^ ^c + Ff^) y: S2 enhanced N, P and K content of leaves by 24.14, 
29.23 and 32.33% respec t ive ly over (Ej^^^+F^) x S^  . 
4 .3 .5 Yield c h a r a c t e r i s t i c s 
Five yield parameters (pod number/plant, pod length, 
seed number/pod, 1,000 seed weight and seed y ie ld) were studied 
a t harvest . All of these were s ign i f i can t ly affected by nitrogen, 
pyridoxine soaking and the i r i n t e rac t ion , except pod length and 
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4.3 .5 .1 Pod number per plant 
The e f fec t of 3^ ']5'^ F^ J^5 (showing equal e f f ec t with 
•^Nls'^ ^NIO^ produced s ign i f i can t ly more pods per p lan t th£in a l l 
other ni trogen t rea tments . On the other hand, soaking in Sp 
gave a higher value than S^. 
Per ta in ing to the i n t e r ac t ion e f fec t of nitrogen and 
pyridoxine soaking t reatments , (B-^^C + FJJC ) x S^ produced maximum 
pods (I^ble 26) . This i n t e r ac t i on increased pod production by 
53.67% over (B^^^^ + F^) x S^  . 
4.3 .5 .2 Pod length 
As mentioned e a r l i e r , n i t rogen treatment, pyridoxine 
soaking and t h e i r i n t e r ac t i on did not s ign i f i can t ly affect pod 
length in l e n t i l (Table 26 ) . 
4 .3 .5 .3 Seed number per pod 
Regarding the d i f fe ren t ni t rogen treatments , B -^i5'^ F -^]o 
exhibi ted optimum seed number per pod. Soaking in S^ gave 
higher number of seeds per pod in comparison to S^. 
Regarding the in t e r ac t ion e f fec t , ( % ' ) 5 ' ^ ^ N 5 ) ^ ^2' ^^^^^ 
a t par with ( B ^ J . ^ + F ^ . Q ) X S^ , gave s ign i f i can t ly higher value 
than those for a l l other i n t e r ac t i ons (Table 26 ) . The 
in t e rac t ion , (Bj^ ^^+F^^^) x S2 increased number of seed per pod 
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4 . 3 . 5 . 4 1,000 seed weight 
All ni t rogen and pyridoxins treatments as well as tne i r 
i n t e r ac t i ons seemed to a f fec t the t e s t weight of l e n t i l 
equally (Ihble 27) . 
4 .3 .5 .5 Seed yield 
With regard to ni t rogen treatment, appl ica t ion of 
%15'*"^ N5 (equalled by Bjg-]5••• Fj^ -jQ^ resu l ted in highest seed 
production and the value given by these two ni trogen treatments 
differed c r i t i c a l l y from those for the r e s t of the t reatments . 
Among the pyridoxine t reatments , Sp proved b e t t e r than S^  for 
seed production in l e n t i l . 
As far as i n t e r ac t i on e f fec t of ni trogen and pyridoxine 
soaking t reatr .ent concerned, i t was revealed t h a t (Bj^ .c-+F ,^i-) x S2 
proved bes t and the value differed s ign i f i can t ly for those for 
other i n t e rac t ions (Table 27) . This i n t e r ac t ion (B^^^c"*"?,^ ) ^ ^2 
enhanced seed yield by 21.04% in comparison with (Bj^^^ + F.,) x 3^. 
4 ,3 .6 Seed pro te in content 
Nitrogen treatment, v^-ic;•*"Fr^ -iQ proved optimum for prote in 
content of seeds and the value recorded for th i s treatment 
differed c r i t i c a l l y from those for the r e s t of the nitrogen 
t rea tments . The soaking treatment S^ resu l ted in s ign i f i can t ly 
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Per ta in ing to the i n t e r ac t ion e f fec t , maximum seed 
pro te in content was found in (Bj^ ^c + F.,;-) x Sp • The value due 
to th i s i n t e r ac t i on was, however, a t par with t h a t for 
^%15^%10^ X S^  (Table 27) . The increase in seed prote in 
content due to (Bj^ ^c + Fj^ ;^) >^  S2 was 6.35% in comparison with 
I t i s evident from the e n t i r e data of t h i s experiment 
t h a t indiv idual ly ; ( i ) the appl ica t ion of 15 kg N/ha as basal 
dose and 5 kg N/ha by spray ( \-]5"*"^N5) » 
( i i ) pre-sowing seed treatment with 0.3 per cent 
aqueous pyridoxine solut ion (Sp) and 
( i i i ) the i n t e r ac t ion (Bj^ -j5+F|.j5) ^ ^2 ^^ ^^^ presence 
of 30 kg P and 30 kg K/ha proved optimum. Moreover, th i s 
should be economically acceptable to the farmers. 
4.4 Experiment 4 
This experiment was a lso conducted according to the 
f a c t o r i a l randomised block design on l e n t i l var.Q>-36. The 
treatments consisted of ( i ) two basal doses of phosphorus, v i z . , 
20 and 30 kg P/ha (Bp2Q and Bp^^) supplemented with fo l i a r spray 
of three doses of an aqueous solut ion of monocalcium super-
phosphate, i . e . , 0 ( con t ro l ) , 1 and 2 kg P/ha (F^, Fp^ and Fp^ 
respec t ive ly) a t pod f i l l i n g stage (100d) and ( i i ) seed soaking 
in two leve l s of aqueous pyridoxine solut ion, v i z . , 0.2 and 0.3% 
{3^ and Sp r e s p e c t i v e l y ) . 
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The pa ramete r s were kep t the same as in E>cperiment 1-3o 
These were s t ud i ed a t 120d (20d a f t e r spray) and a t ha rves t to 
a s s e s s the performance of the c r o p . The data are p re sen ted in 
Table 28-32 and a r e b r i e f l y desc r ibed below,* 
4 . 4 . 1 Growth c h a r a c t e r i s t i c s 
The data on l e n g t h , nodule number, f r e s h v/eight, dry 
weight of r o o t , l e a f number, NAR, NRA and l e a f NPK con ten t a r e 
p r e s e n t e d in Tables 29-28 and a r e desc r ibed belowl 
4 . 4 . 1 . 1 Root l e n g t h per p l a n t 
The e f f e c t of phosphorus t r e a t m e n t s , pyr idoxine soaking 
and t h e i r i n t e r a c t i o n was found s i g n i f i c a n t (Table 2 8 ) . 
Regarding phosphorus t r e a t m e n t s , maximum l e n g t h was 
recorded i n the p l a n t s r e c e i v i n g ( sub-op t ima l ) ^PO^^PZ* ^^o^^^er, 
the va lue given by t h i s t r ea tmen t was a t pa r wi th those for 
%30"*"% ^"^ •^3o'*"^P1* Treatments Bp3o"'"Fp2 ^^^ %20'*"^W (showing 
equal e f f e c t ) gave the lowes t v a l u e . Regarding soaking, So 
gave s i g n i f i c a n t l y h igher va lue than S^. 
As f a r a s i n t e r a c t i o n e f f e c t of these t r ea tmen t s v/as 
concerned, (^ppn'^'^pz^ •^  ^2 ( equa l l ed by Bp-,Q+Fp^ x Sp) gave 
the maximum va lue for t h i s pa r ame te r . The i n t e r a c t i o n 
(Bp +Fp ) X Sp gave an i nc r ea se of 51.93% in r o o t l e n g t h as 
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4 . 4 . 1 . 2 Root nodule number per p l a n t 
The v a r i o u s phosphorus t r e a t m e n t s , pyrido>cine soaking 
and t h e i r i n t e r a c t i o n a f f e c t e d r o o t nodule number s i g n i f i c a n t l y 
(Table 2 8 ) . 
Among v a r i o u s phosphorus t r e a t m e n t s , Bp^ +Fp was found 
b e s t . I t was e q u a l l e d by Bp^^+F^ and ^^^^p^* Regarding 
soaking t r e a t m e n t s , S„ gave s i g n i f i c a n t l y more nodules i n 
comparison with S. . 
P e r t a i n i n g to the v a r i o u s i n t e r a c t i o n s , (^p „+Fp ) x Sp, 
equa l l ed by (Bp3Q'*'Fp^) ^ S)^* gave the maximum v a l u e . The 
i n t e r a c t i o n (Bp20"'"^P?^ ^ ^2 ii^creased r o o t nodule p roduc t ion by 
43.21% over (Bp2Q+Fy). 
^•^<''],3 Root f r e sh weight pe r p l a n t 
The e f f e c t of phosphorus a p p l i c a t i o n , pyr idoxine soaking 
t h e i r i n t e r a c t i o n was found s i g n i f i c a n t (ifeible 2 8 ) . 
Regarding phosphorus t r e a t m e n t s , Bp^ +Fpp (equa l led by 
Bp^^+Fp^) gave the maximum value for f r e s h weight of r o o t . The 
p l a n t s r e c e i v i n g Bpxn'^'Fpp and BppQ+F^ showed equal and lowes t 
v a l u e . Among pyr idox ine t r e a t m e n t s , Sp gave h igher value than 
Among v a r i o u s i n t e r a c t i o n s CBp„ +F ) x S^, equa l l ed by 
(Bp^P^+Fp.) X Sp, gave the maximum f r e s h weight of r o o t . The 
i n t e r a c t i o n (Bp20"*"^P2^ ^ ^2 produced 58,41% higher r o o t f resh 
weight compared wi th (BppQ+F^) x S , . 
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4 .4 .1 .4 Root dry weight per p lan t 
The e f fec t of d i f fe ren t phosphorus treatments and of 
t he i r i n t e rac t ion with pyrido>cine soaking was s ign i f i can t 
(Table 28) . 
The treatment ^pO^^PP ^^^® maximum value tha t differed 
c r i t i c a l l y from those for the other treatments, except Bp2o"'"^pi 
and Bp3Q"*"Fp^ . Treatment Bp2Q+F^ (equalled by Bp3o'^F^ and 
Bp^Q+Fp ) gave the lowest va lue . The e f fec t of the two levels 
of pyridoxine on the dry weight of root showed no s ign i f i can t 
d i f ference. 
Regarding the i n t e r ac t i ons , (Bpp +F ) x S2 proved 
bes t . However, the value given by t h i s treatment was a t par with 
those for (Bp2Q+Fp^) x S^  and (Bp3Q"^Fp^) x S2 respec t ive ly . The 
increase due to the in t e rac t ion (Bp2Q+Fp2Q) x S2 v/as 82.89% 
over (Bp2Q+F^) x S^  . 
4 .4 .1 .5 Leaf number per p lan t 
Effect of phosphorus pyridoxine and t h e i r in te rac t ion 
was found s ign i f i can t (ibble 29 ) . 
The highest number of leaves was recorded in p lan ts 
receiving Bp2o'^ ^P2 ^^^ ^^^ value differed c r i t i c a l l y from those 
for other phosphorus t reatments . Plants receiving Bp3o"*'^ P2 
produced the lowest number of l eaves . Regarding the soaking 
treatments, S2 produced more leaves than S^  . 
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Among v a r i o u s i n t e r a c t i o n s (Bppo'^'^P^ ^ ^2 P^°ved 
b e s t for l e a f p r o d u c t i o n . However, the value v;as a t pa r with 
those for (Bp2Q+Fp^) x S2, (Bp^+F^^) x S2 and (Bp^Q+Fp^) x ii^. 
The i n t e r a c t i o n (Bp2o+Fp2) ^ ^2 Produced 57.59% more l eaves 
than (Bp2o+F^/) ^ S^  • 
4.A.2 Net a s s i m i l a t i o n rate (NAR) 
Net a s s i m i l a t i o n r a t e was computed for 90-120d i n t e r v a l . 
Thus, the p l a n t s had 20d to a s s i m i l a t e the sprayed phosphorus 
before the f i n a l r ead ing a t 120d was t a k e n . The e f f e c t of 
phosphorus, p y r i d o x i n e , and t h e i r i n t e r a c t i o n on NAR was found 
to be s i g n i f i c a n t (Table 2 9 ) . 
App l i ca t ion of Bp2Q+Fp2, showing equa l e f f e c t with 
Bp2Q+Fp and Bp^^+Fp , r e s u l t e d in a h igher NAR va lue in 
comparison to o t h e r phosphorus t r e a t m e n t s . P l a n t s r e c e i v i n g 
Bp^Q+Fp2 gave the lowes t value of NAR. With regard to pyr idox ine 
soaking, S2 r e g i s t e r e d h igher va lue than S^  . 
Among v a r i o u s i n t e r a c t i o n s , (Bp2o"*"^P2^ ^ ^2* showing 
euqal e f f e c t with t h a t of (Bp^Q+Fp^) x S2 gave the maximum v a l u e . 
The i n t e r a c t i o n (Bp2o"*"^P2'^  -^ ^2 showed an i n c r e a s e of 91.49% 
in NAR over (Bp2o'^F^) ^ S^  • " 
4 .4o3 N i t r a t e r e d u c t a s e a c t i v i t y (NRA) 
N i t r a t e r educ tase a c t i v i t y i n l eaves was es t ima ted 
a t 120d, Phosphorus, py r idox ine and t h e i r i n t e r a c t i o n a l l had 
s i g n i f i c a n t e f f e c t on NRA (T^ble 29)» 
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Regarding phosphorus t r e a t m e n t s , Bp^Q+Fp^ proved b e s t 
bu t the value was a t pa r with t h a t for Bp,„ + Fp . On the o ther 
hand, Bp3Q'*"Fp2 gave the lowes t v a l u e . Regarding the two 
pyr idoxine soaking t r e a t m e n t s , 3^ was found to be r e s p o n s i b l e 
fo r h igher enzyme a c t i v i t y than S^. 
With r ega rd to the i n t e r a c t i o n e f f e c t , i t was noted t h a t 
(Bp^Q+Fp^) X S^ b e s t bu t was e q u a l l e d by (Bp2o"^^p-]^ ^ ^2 ^"^ 
(Bp +Fp^) X S^. The inc rease due to (Bp2o'*"Fp2) ^ ^2 ^^^ 48.12% 
over (Bp2Q+F^p x S^  . 
4 . 4 . 4 Leaf NPK c o n t e n t 
Like growth c h a r a c t e r i s t i c s and NRA, l e a f NPK con ten t 
was a l s o e s t ima ted a t 120d so t h a t the p l a n t s had s u f f i c i e n t 
time (20d) to a s s i m i l a t e the phosphorus sprayed a t lOOd growth. 
NPK con ten t of l e aves was a f f e c t e d s i g n i f i c a n t l y by the i n d i v i d u a l 
and combined a p p l i c a t i o n of phosphorus and py r idox ine soaking 
t r ea tmen t s (Table 30)o 
4 . 4 . 4 . 1 Ni t rogen 
Regarding phosphorus t r e a t m e n t s , Bp2Q+Fp2 proved b e s t 
but the va lue for l e a f N in t h i s t r e a t m e n t was equa l l ed by 
Bp^Q+Fp^ . P l a n t s r e c e i v i n g Bp^+Fp2 and Bp2Q+F^ gave lowes t 
(equa l ) v a l u e . With regard to pyr idox ine soaking t r e a t m e n t s , 
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Per ta in ing to the i n t e r ac t ion e f fec t , i t was found tha t 
^^P20"^^P2^ "" ^2' equalled by (Bp^^+F^^) >: S2 and (Bp^Q+Fp^) x 2^ 
and (Bp3o"'"'^pi) ^ ^2 resu l ted in higher leaf N content in 
comparison to a l l other i n t e r a c t i o n s . i^pO^^PP^ ^ ^2 enhanced 
leaf N content by 67.48% over (Bp2o"*'^ w^ ^ ^1* 
4 .4 .4 .2 Phosphorus 
Application of Bp2o''"^P2 P^^^ed optimum and i t s e f fec t 
differed s t a t i s t i c a l l y from those of the remaining t reatments . 
Whereas, Bp,„+Fpp gave s ign i f i can t ly lov,'est va lue . The seeds 
soaked in S^  gave higher value for leaf P content than S^  . 
The in t e rac t ion (Bpp^+Fp„) x Sp resu l ted in maximum 
leaf P content and the value differed c r i t i c a l l y from a l l other 
i n t e r ac t ions , except (Bp2o'*"^P1^ ^ ^2 ^"^ ^%30"*"^ P1-^ ^^2 (l^ble 30) . 
The in te rac t ion (Bppn'^^pp) ^ ^2 i^^^^ased leaf P content by 88.53% 
in comparison to (Bp ^+F^) x S^. 
4 .4 .4 .3 Potassium 
Like leaf ni trogen and phosphorus, potassium content 
of leaves v/as maximum in Bp2Q+Fp2. The value given by th i s 
treatment was s t a t i s t i c a l l y equal to tha t for Bp^Q+Fp.|, but 
s ign i f i can t ly differed from the values given by a l l other 
phosphorus treatments* Plant receiving Bp2o"*"FY^  (equalled by 
Bp7Q+Fp2) showed poorest e f f e c t . Soaking of seeds in S2 gave 
higher leaf K content compared to S^. 
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Regarding the. i n t e r a c t i o n e f f e c t , (Bp2o'*"^P2^ ^ ^2 ' 
equa l l ed by (Bp2o+Fp^) x S^, (Bp3Q+F^) x S^ and (Bp3Q+Fp^) x S^ 
r e s u l t e d in the h igher K c o n t e n t of l e a f (Kible 3 0 ) . Increase 
i n l e a f potass ium c o n t e n t due to (Bp2o+Fp2) x S2 was 68,61% 
over (Bp2o+Fy) ^ S^  . 
4 . 4 . 5 Yield c h a r a c t e r i s t i c s 
Five y i e l d pa ramete rs (pod number /p lan t , pod l eng th , 
seed number/pod, 1,000 seed weight , seed y i e l d ) were s tud ied a t 
h a r v e s t . 
Al l of t h e s e , excep t the number of seed/pod, were 
s i g n i f i c a n t l y a f f e c t e d by phosphorus and seed soaking alone and 
in combination (Table 3 1 - 3 2 ) . 
4 . 4 . 5 . 1 Pod number per p lant 
P l a n t r e c e i v i n g ^prJ^^pp r e s u l t e d i n maximum produc t ion 
of pods and the va lue d i f f e r e d c r i t i c a l l y from those for a l l 
o the r t r e a t m e n t s excep t •Bp3Q'*"Fp.] . App l i ca t ion of Bp, +Fp2 gave 
the lowes t v a l u e . Soaking the seeds i n the S2 dose of aqueous 
py r idox ine s o l u t i o n produced more pods per p l a n t i n comparison 
wi th S^  o 
Regarding the combined e f f e c t of phosphorus and 
p y r i d o x i n e , i t was r evea l ed t h a t (Bp2o"'"^P2'^ ^ ^2 ' equal led by 
(Bp^„+F ) X Sp produced maximum p o d s / p l a n t (Table 3 1 ) . The 
(Bpp^+F ) X Sp i n t e r a c t i o n inc reased the number of pods by 
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4.4 .5 .2 Pod length 
Maximum pod length was noted in BppQ+Fp^ but the value 
given by th i s treatment was equalled by those recorded in 
^P30'^ ^W ^^^ ^P30'^^P1* ^^ ^^^ °^^^^ ^^^^* %'30"^^P2 S^ ^® "^ ^^^ 
shor tes t pods. Soaking the seeds in Sp produced longer pods 
than v/ere given by S^  . 
The i n t e r ac t i on e f fec t of (Bppo'^ ^PP'^  ^ ^2 ^^^ i'ound 
to be the best , however, the value was a t par with those for 
(Bp^Q+F^) X S2 and i^p^Q-^^p^) ^ S,^ (Table 31) . The in te rac t ion 
(Bppp^+Fpp) X Sp showed 34.76% increase in pod length compared 
to (Bp2o+F^p X S^. 
4 .4 .5 .3 Seed number per pod 
As mentioned e a r l i e r , appl ica t ion of phosphorus and i t s 
i n t e rac t ion with pre-sowing seed treatment with pyridoxine did 
not a f fec t seed number/pod s ign i f i can t ly (ifeible 31) . But 
pyridoxine treatment alone affected th i s parameter s ign i f i can t ly 
and Sp gave c r i t i c a l l y more seeds per pod in comparison to S^. 
4 .4 .5 .4 1,000 seed weight 
Application of Bp +Fp gave maximum value whiich 
differed c r i t i c a l l y from those for a l l other phosphorus 
t reatments , except Bp^g'^^Pl * Flant receiving Bp3o'*"Fp2 Produced 
l i g h t e s t seeds. Regarding the e f fec t of pyridoxine soaking 
treatments, 2p proved b e t t e r and i t s value differed s ign i f ican t ly 
with tha t for S^  . 
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Regarding the i n t e r a c t i o n e f f e c t of phosphorus 
a p p l i c a t i o n and pyr idoxine soaking , ^^po^^P?^ "^  ^^2' showing 
equal e f f e c t wi th (Bp3o'*"^p-i ^ ^ ^2* Produced the h e a v i e s t seeds 
(Table 3 2 ) . (Bp2Q+Fp2) x S^ e x h i b i t e d 4.10% inc rease in t e s t 
weight of seed over (Bp2o'^^w^ "^  ^ 1 * 
4 . 4 . 5 . 5 Seed y i e l d 
Among v a r i o u s phosphorus a p p l i c a t i o n s . Bp„Q+Fpp (showing 
equal e f f e c t wi th BpxQ"'"^p-i) gave maximum seed y i e l d . On the 
o the r hand, p l a n t s r e c e i v i n g ^•XQ'^^PZ Save the lowes t seed 
y i e l d . Soaking the seeds i n the So dose of py r idox ine gave 
more seed y i e l d than i n S^  , 
P e r t a i n i n g to i n t e r a c t i o n e f f e c t , i t was revea led t h a t 
(Bp2Q+Fp2) X S2, equa l l ed by (Bp3o"^Fp2) x S^, proved b e s t for 
seed p roduc t ion (Table 3 2 ) . App l i ca t ion of (Bp2Q'^Fp2) x S2 
enhanced seed y i e l d by 24.13% in comparison with (Bp^Q+F^) x S.| 0 
4 . 4 . 6 Seed p r o t e i n con ten t 
The e f f e c t of phosphorus , pyr idoxine soaking and t h e i r 
i n t e r a c t i o n on seed p r o t e i n c o n t e n t was s i g n i f i c a n t (Table 3 2 ) . 
App l i ca t i on of Bpp„ + Fpp proved optimum but the va lue 
was a t pa r with t h a t for Bp^^+Fp^ . The a p p l i c a t i o n of 
Bp:.Q+Fpp and Bp +Fw (having equal e f f e c t ) gave the lowes t 
v a l u e . With r ega rd to soaking t r e a t m e n t , S2 r e s u l t e d in more 
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Taking i n t e r a c t i o n e f f e c t i n t o c o n s i d e r a t i o n , 
(Bp2Q+Fp2) >: S^ proved optimum. However, the va lue was a t par 
wi th t h a t for(Bp^Q+Fp^) x S2. (%20'*"^P2^ ^ ^2 ^^"^^ ^^ increase 
of 16.36?^ in seed p r o t e i n c o n t e n t over (Bp2o'^ F-v;) ^ S^  • 
A p e r u s a l of the e n t i r e data of t h i s exper iment would 
r e v e a l t h a t : 
( i ) the a p p l i c a t i o n of b a s a l 20 kg P/ha followed by 
spray of 2 kg P/ha (Bp2Q+Fp2), 
( i i ) p re-sowing seed t r e a t m e n t with 0 .3 pe r cen t aqueous 
pyr idoxine s o l u t i o n (Sp) and 
( i i i ) the i n t e r a c t i o n (Bp2o"^^P2^ ^ ^2 t oge the r with 30 kg N 
and 30 kg K/ha proved optimum. These f ind ings are economical ly 
sound and a r e , t h e r e f o r e , expected to be a c c e p t a b l e to the 
fa rmers . 
^ .5 Experiment 3 
This was the f i r s t f i e l d t r i a l on summer moong var.K-851 
c a r r i e d out in 1985. In t h i s f a c t o r i a l randomised f i e l d t r i a l , 
the e f f e c t s of four b a s a l doses of n i t r o g e n , i . e . ^ 0 kg N/ha (B^^Q), 
5 kg N/ha (B^^), 10 kg N/ha (BJ^J^Q) and 15 kg N/ha (B^^^^) and 
pre-sowing seed t r e a t m e n t with graded aqueous pyr idoxine 
s o l u t i o n , v i z . , water soaked (S^^ , 0.2% (S^) , 0.3% (S2) and 
0.4% (S^) a lone and in combination on growth c h a r a c t e r i s t i c s , 
NAR, l e a f NRA, l e a f NPK con ten t , y i e l d a t t r i b u t e s , seed y i e ld 
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and seed pro te in content were studied a t appropriate stages 
mentioned under various headings dealing with the data briefly-
described below (I&ble 33-38) o* 
4.5.1 Growth c h a r a c t e r i s t i c s 
Five growth parameters, namely, root length, root nodule 
numbers, root fresh weight, root dry weight and leaf number were 
studied a t 20, 30, 40 and 50d a f t e r sowing (Tables 33-35). 
4,5.1.1 Root length per plant 
The e f fec t s of basal ni t rogen and pre-sowing seed 
treatment with pyrido:xine alone and of t he i r in te rac t ion on 
root length were found to be s ign i f i can t a t a l l growth stages 
(Table 33) . 
Regarding the e f fec t of ni t rogen, maximum root length 
was recorded in the treatment Bj^^, but i t s value was a t par 
with tha t for B^.^ a t a l l growth s tages , except a t 30d, when 
i t differed c r i t i c a l l y from those for a l l other t reatments . 
Control (BMQ) S^'^^ poorest e f fec t a t each growth s tage . 
Regarding pyridoxine soaking treatments, S2 produced the 
longest roots a t a l l growth s t ages . However, a t 50d, i t s ef fec t 
was a t par with t h a t of S^  . Control (S^) showed poorest 
e f fec t on roo t length a t a l l growth s t ages . 
When in t e r ac t ion e f fec t was taken in to consideration, 
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growth s tages , except a t 20 and 30d, when i t was a t par with 
those for B^^ x S2* \-]Q ^ S^  and B^^^ x S2 a t 40d, with those 
for B^^ X S2, B^^ Q X S^, B^^ Q x $2 and B^ ^^ ^ x S2 and a t 50d, 
with those for B^^Q X S^^ and B^ x S. . The in t e rac t ion 
B^^ X S^  increased root length by 69.96, 69.28, 25.08 and 
46.86% a t 20, 30, 40 and 50d respec t ive ly over B^Q X S^. 
4 .5 .1 .2 Root nodule number per p l an t 
The e f fec t of basal n i t rogen and seed soaking, alone 
and in combination on root nodule number was found to be 
s ign i f i can t a t a l l growth s tages (I^ble 33) . 
Regarding the e f fec t of basal ni t rogen, B^ ^^  proved 
optimum a t a l l growth stages and i t s value differed c r i t i c a l l y 
from those for a l l other ni t rogen leve l s a t 20d but, a t l a t t e r 
s tages , i t was equal to those for Bj^^^. Control (B^Q) showed 
the poorest response. 
As far as the e f fec t of pyridoxine treatment was 
concerned, S^  gave maximum value a t 20d but i t s value was a t 
par with t h a t for S2, whereas, a t other stages S2 produced the 
highest number of nodules. However, S2 was a t par with S^, 
except a t 50d, when i t c r i t i c a l l y differed from the r e s t of 
the t reatments . The control (Sy) gave the lowest value a t 
a l l the four s tages; but i t was a t par in i t s e f fec t with one 
or the other concentrat ion a t d i f fe ren t s t ages . 
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Regarding the i n t e r ac t i on e f fec t , B^^ x S^ proved best 
a t a l l growth s t ages . However, i t s value was a t par with that 
for Bjj3 X S^  a t 20d and with Bj^ ^ x S^, B^^^ x S^  and B^^^ x S2, 
a t 30 and 50d. At 40d, one more i n t e r ac t ion , i . e . , B^.n x S2, 
showed equal e f fec t with B^^ x S^^, Application of Bj^ ^ x S-, 
increased roo t nodule number by 44.3396 a t 20d, 52.76% a t 30d, 
73.79% a t 40d and 91.17% a t 50d compared with the respect ive 
values for BJ^ Q X S^ a t each s t age , 
4 . 5 .1 .3 Root fresh weight per p l an t 
The e f fec t of basal ni t rogen and pyridoxine soaking 
treatment alone and of t h e i r i n t e r ac t i on was not found s i gn i -
f i can t for fresh weight of roo t a t any growth stage (Table 34) . 
4 .5 .1 .4 Root dry weight per p l a n t 
The e f fec t of basal ni t rogen and pyridoxine soaking 
treatment alone and of t h e i r i n t e r ac t i on was found s igni f icant 
a t 20, 30 and 40d (Table 34) . 
Application of B>^  gave maximum root dry weight a t a l l 
growth stages and the value differed s ign i f i can t ly from those 
for a l l other ni t rogen l eve l s a t 20d; but a t other s tages, i t 
was a t par with t h a t for BJ^^Q. On the other hand, Bj^ ^^ gave 
lowest value a t 20 and 30d, while a t 40d, i t was a t par with 
the control (BJ^Q). 
Regarding soaking t rea tments , Sp gave maximum root dry 
weight a t a l l growth stages and the value differed c r i t i c a l l y 
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from the r e s t of the soaking treatments a t 20 and 30d; but i t 
was a t par with t h a t for S^  a t ^ d . The minimum value was 
given by the control (S^) a t a l l s t ages . 
Regarding the in t e r ac t ion e f fec t , Bj^ ^ x s^ gave maximum 
dry weight of roo t a t a l l growth s t ages . However, i t was a t 
par with those for some i n t e r a c t i o n s , including B^^ x Sp. The 
in t e rac t ion B^^ x S^  showed an increase of 66.67, 130.84 and 
57.14% a t 20, 30 and 40d respec t ive ly over the respect ive 
values for B^Q X S^, 
4 .5 .1 .5 Leaf number per p l a n t 
The e f fec t of basal ni t rogen, pyridoxine soaking treatment 
and the i r i n t e r ac t i on on l eaf production was found to be 
s ign i f i can t a t a l l growth stages (Table 35), 
Application of Bj^ j- proved optimum but i t was equalled 
by BjT.Q in i t s e f fec t a t a l l growth s tages . Control (BJ^Q) gave 
poorest e f fec t a t a l l growth stages and the value was equal 
to those for B^^^ a t 20, 30 and 40d. 
Soaking the seeds in S^ leve l of pyridoxine proved bes t 
for leaf production and the value differed s ign i f i can t ly from 
the r e s t of the treatment a t a l l growth s tages , except a t 40d 
when i t was a t par with t h a t for S-, . Control (S^) gave the 
lowest number of leaves per p l an t a t most of the growth s tages . 
With regard to the i n t e r ac t i on e f fec t , B^^ x S2 proved 
bes t . However, i t was a t par in i t s e f fec t with \^Q ^ S2 and 
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%5 ^ ^1 ^^ ^^^ growth s t ages . Moreover, a t 50d, i t s value was 
s t a t i s t i c a l l y equal to t h a t for B^^^ x S^ a l s o . The in te rac t ion 
%0 -^ W^ ^^^^ ^^^ lowest value a t a l l growth s t ages . The 
in t e rac t ion B^^ x S^  increased leaf number per p lan t by 39.93, 
33.84, 58.33 and 39.46% a t 20, 30 and 40 and 50d respect ively 
compared with B^Q X S^. 
4.5.2 Net assimilation rate (NAR) 
Net ass imi la t ion r a t e was computed for 20-30d, 30-40d 
and 40-50d i n t e r v a l s . The e f fec t of basal ni t rogen and soaking 
treatment alone and of t he i r i n t e r ac t ion was found to be 
s ign i f i can t a t each in t e rva l (Table 35) . 
With regard to basal ni trogen appl ica t ion , B^ j^- proved 
optimum (but equalled by ^^^Q) a t a l l i n t e r v a l s . The lowest 
value was given by B^^ ( c o n t r o l ) . 
Of various doses of pyridoxine, treatment Sp proved 
bes t for NAR a t a l l i n t e rva l s and i t s values differed from 
the r e s t of the t reatments . Control (S^) and S^ showed poorest 
( a l b e i t equal) e f f e c t . 
Among various i n t e r a c t i o n s , B ^ x Sp (equalled by 
%10 -^  ^2-^  proved bes t for 20-30d i n t e r v a l . However, a t 30-40d 
values given by the above in t e r ac t ions were a t par with tha t 
for Bjai- X S^  and, a t 40-50d, the value for these treatments 
were s t a t i s t i c a l l y equalled by those for some other in te rac t ions 
a l s o . 
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The in t e r ac t i on e f fec ts of B^^ x S^  and B^^ x S^ gave 
an increase in NAR value of 36.35 and 44.85% a t 20-30d; while 
a t 30-40 and 40-50d, the bes t i n t e r ac t ion (B^^ x s^) increased 
NAR by 40.62 and 48.35% respec t ive ly compared with B^Q X S^ O^ 
A.5.3 Nitrate reductase ac t iv i ty (NRA) 
Nit ra te reductase a c t i v i t y was measured in leaves a t 
20, 30, 40 and 50d. The e f fec t of basal appl ica t ion of nitrogen 
and pyridoxine alone and t h e i r i n t e rac t ion was found s ign i f ican t 
a t a l l growth stages (ikble 35) . 
Of various basal ni trogen treatments, B^^ proved optimum 
(and equalled by B^^Q) while the control gave the lowest value 
a t a l l growth s t ages . 
Regarding pyridoxine soaking, S- gave the maximum NRA 
a t a l l growth s t ages . The water soaked control (S^) showed 
poorest e f fec t and was equalled by S^ a t a l l growth s tages . 
Regarding various i n t e r a c t i o n s , B^a x S^  gave maximum 
NRA a l l growth s tages; but the value was a t par with those for 
%10 ^ ^2 ^^^ ^N5 ^ ^2 ^^ ^'^* ^ ^^^ ^^* Moreover, a t 40d 
Bjr^ Q X S^  was a l so equal in i t s e f fec t to the above in t e rac t ions . 
At 50d, B^c ^ Sp and ^r^-^Q x Sp proved bes t (and s t a t i s t i c a l l y 
equal to each other) and B^ x S^ was found next in order in 
i t s e f fec t on NRA. The increase in enzymatic a c t i v i t y due to 
^N5 ^ ^1 ^^ ^ ° ' ^^* ^ "^*^  "^-"^  °^^^ N^O ^ W^ ^^^ 18»39, 13.29, 
11.14 and 8„95% re spec t ive ly . 
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4.5 .4 Leaf NPK content 
Leaf NPK content was estimated a t 20, 30, 40 and 50d 
in ful ly expanded l eaves . The e f fec t of basal nitrogen and 
pyridoxine soaking treatment and the i r i n t e rac t ion was found 
to be s ign i f i can t a t a l l growth stages (Table 36) . 
4.5.4 .1 Nitrogen 
Bj^ ^ (equalled by BJ^^Q) gave s ign i f i can t ly higher value 
than the other treatments a t 20, 30 and AOd. Moreover, a t 50d, 
%10 save the maximum va lue . On the other hand, the control (BJ^Q) 
showed the poorest e f fec t a t a l l growth s t ages . 
Regarding the e f fec t of soaking treatment, maximum leaf 
ni trogen content was found in Sp a t a l l growth s t ages . 
Control (S^) and S,, showing equal e f fec t , had the lower value 
a t a l l growth s t ages . 
Among the various i n t e r a c t i o n s , Bj^ ^ ^ S2 (showing equal 
e f fec t with B^^ ^ S.) gave maximum value a t a l l growth s tages . 
The values given by these two in te rac t ions was a t par with 
those for some other i n t e r ac t ion a l so , and differed c r i t i c a l l y 
from the r e s t of the in t e rac t ions a t a l l growth s tages . Control 
(B ,^Q X Sy) had lowest ni t rogen content in leaves a t a l l growth 
s t ages . The increase due to B^^ x S^  over B^^ x S^ was 26.24, 
22.90, 13.69 and 55.6596 a t 20, 30, 40 and 50d respec t ive ly 
(Table 36) . 
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4 .5 .4 .2 Phosphorus 
Considering the e f fec t of ni trogen treatments , the 
phosphorus content in leaves was maximum in B^^ a t a l l growth 
s t ages . However, the value given by th i s treatment was a t par 
with tha t for BJ^^Q a t 20, 30 and 40d. Control (B^Q) gave the 
lowest value a t a l l s tages , except a t 20d, when i t was a t par 
with Bj^^^. 
Taking the e f f ec t of pyridoxine soaking treatment, i t 
was noted tha t Sp had maximum phosphorus content in leaves 
a t a l l growth s t ages . Water soaked control (S.,) showed poorest 
e f fec t on leaf phosphorus content a t a l l growth s tages . 
With regard to i n t e r ac t ion e f fec t , B^^ x S2 proved best 
a t a l l growth s t ages . However, the value was equal to those for 
%10 ^ ^V ^NIO ^ ^2 ^^^ ^N5 ^ ^1 ^^ ^^^* ^^'^ "^^^^ "'^ ^^ ^^  ^°^ 
%10 ^ ^2' %5 ^ ^1 ^"^ \ l O ^ S^  a t 40 and 50d. At 30d, the 
e f fec t of B^:- x S2 was a t par with t h a t for B^^^ x S^^. 
%0 "^  "^W ^^^® lowest value through out the experiment but was 
a t par with some other i n t e rac t ions a t one or the other growth 
s t ages . The in t e r ac t ion Bj^ ^ x S^  gave an increase of 17.50, 
29.76, 12.11 and 31 .88% a t 20, 30, 40 and 50d respect ive ly 
over Bj^ Q X S^ (Ifeible 36) . 
4 . 5 .4 .3 Potassium 
Potassium content of the leaves was maximum in B^c^ at 
20 and 30d, At other stages, B^^ and B^^Q (showing equal effect) 
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gave higher value than those for other l eve l s of applied 
n i t rogen . Control {B^Q) gave the lowest value a t a l l growth 
s tages . 
With regard to the e f f ec t of soaking, S gave maximum 
potassium content of leaves a t a l l growth s t ages . The 
control (S^) gave the lowest value a t a l l s tages , except a t 
50d, when i t was a t par with S^. 
Taking in t e r ac t ion e f fec t in to considerat ion, B^^ x S^  
(equalled by Bj^ ^ x Sp and B^^ x S2) proved bes t a t a l l growth 
s t ages . The value was a l so a t par with those for B^^^ x S^  
a t 20, 30 and 50d and with B^^^ x S2 a t 30 and 50d. The 
in t e rac t ion B^Q X S^ showed poorest e f f ec t . The in te rac t ion 
%5 ^ ^1 ^^^^ ^" increase of 31.88, 43.78, 26.44 and 44.44% 
a t 20, 30, 40 and 50d respec t ive ly over the respect ive values 
for B^Q X S^ (Table 36) . 
4 .5.3 Yield c h a r a c t e r i s t i c s 
Five yield parameters, namely pod number/pint, pod 
length, seed number/pod, 1,000 seed weight and seed yield, were 
studied a t harves t . The e f fec t of basal ni t rogen, pyridoxine 
soaking treatment and t h e i r i n t e rac t ion was s ign i f i can t for a l l 
yield parameters, except the i n t e r ac t ion effect on 1,000 seed 
weight. The data are summarised in Tables 37 & 38 and are 
b r i e f l y described below: 
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4 .5 .5 .1 Pod number per p l an t 
Regarding the e f fec t of basal ni t rogen, Bj^ ^ produced 
maximum pods and the value was a t par with t ha t for Bj^ . o 
Control (BJ^Q) showed poorest effect , was s t a t i s t i c a l l y equalled 
by the highest dose of n i t rogen, i . e . Bj^ ^^ in t h i s detrimental 
e f f ec t . 
Among various soaking treatments, S. (equalled by Sp) 
proved b e s t . Water soaked control (Sy) and S:^ , being equal, 
gave the lowest value for the number of pods per p l a n t . 
Per ta ining to the i n t e r ac t ion e f fec t , 6^ ,^  ^ Sp gave 
maximum value which was a t par with tha t for BVT^ Q X Sp. The 
in te rac t ion Bj^ c ^ S^  followed in i t s e f fec t and i t s value was 
a t par with tha t for BJ^ J^ IQ X S2. The in t e r ac t ions B^^ x S^ and 
Bf^ c X S^  increased the production of pods in l e n t i l 94.42 and 
55.58% respec t ive ly over B^Q X S^ ('feble 37) . 
4 .5 .5 .2 Pod length 
Longest pods were obtained by the appl ica t ion of 
BJ.,- but the value was a t par with t ha t for Bj^._. Control (BJ^Q) 
had the poorest e f fec t on pod length . 
Optimum pod length was recorded in Sp and the value 
differed c r i t i c a l l y from those obtained in the remaining 
t reatments . The water-soaked control (S^) had poorest e f fec t 




















































































































































































With r ega rd to the i n t e r a c t i o n e f f e c t , i t was noted 
t h a t B^^ 5c S^  r e s u l t e d in maximum pod l e n g t h . However, the 
value was s t a t i s t i c a l l y equal to those for Bj^ -^ x S^* B„. x S . , 
^NIO ^ ^2 ^^^ ^N15 "^  ^2* '^ ^^ i n c r e a s e due to Bj,^ x S. was 
15.63% over B^Q X S ^ (Table 3 7 ) . 
^ . 5 . 5 . 3 Seed number p e r pod 
The maximum seed number was ob ta ined wi th the 
a p p l i c a t i o n of Brrc, the va lue being s t a t i s t i c a l l y equal to 
t h a t for B^^Q b u t showing c r i t i c a l d i f f e r e n c e with those for 
the o the r n i t r o g e n l e v e l s . Lowest number of seeds was found 
in Bj^ Q and e q u a l l e d by %-]5» 
Among v a r i o u s pyr idox ine soaking t r e a t m e n t s , S^ 
produced s i g n i f i c a n t l y maximum number of seeds pe r pod. On the 
o the r hand s i g n i f i c a n t lowes t number of seeds was found in 
water-soaked c o n t r o l (S^)» 
As f a r a s i n t e r a c t i o n e f f e c t was concerned, B^ ^^  x S^ 
gave maximum seeds , however, the value was equal to t h a t for 
%10 ^ ^ 2 ' ^ ^ " t h e r the va lue given by the B^^^^ x S2 was a t pa r 
with t h a t for B^ ^^  x S^ and B^^^ x S^  . The i n t e r a c t i o n B^^ x S^ 
and B ,^^  x s^ gave an i n c r e a s e of seed number by 26.7 and 20.0% 
N5 1 
ove r Bj^ ^Q x S^ (O^b le 3 7 ) . 
4 . 5 . 5 . 4 1,000 seed weight 
Among v a r i o u s n i t r o g e n l e v e l s , B^ ^^  proved optimum and 
was equa l l ed by B^^^Q. The c o n t r o l ( B ^ Q ) produced the l i g h t e s t 
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seeds but i t s value was a t par with t ha t for B^^^- (Table 38) . 
Regarding the response to pyridoxine soaking treatment, 
heaviest seeds were found in S2• However, i t s value was a t par 
with tha t for S^  . Water soaked control (S ) and S^ (being 
equal) produced l i g h e s t seeds. 
As mentioned e a r l i e r , 1,000 seed weight was not 
affected s ign i f i can t ly by the i n t e r ac t ion of ni trogen and 
pyridoxine, 
A.5.5.5 Seed yield 
As mentioned e a r l i e r , the e f fec t of basal ni trogen, 
pyridoxine soaking as well as t h e i r i n t e rac t ion was s ign i f ican t 
on seed yield (Table 38) . 
Among various ni t rogen l eve l s , Bj^ j- gave the maximum 
seed y ie ld . However, t h i s treatment was a t par with Bj^ ^^ in 
i t s e f fec t on seed production.Lowest seed yield was recorded 
in the control (B^TQ). 
Regarding pyridoxine soaking, Sp proved optimum and 
the value was c r i t i c a l l y d i f fe ren t from those for the other 
soaking t rea tments . Water-soaked control (S^) gave the poorest 
yield; but i t s value was a t par with t ha t for S^. 
Regarding the in t e rac t ion effect , i t was observed 
tha t Bj^ ^ X S^  gave the highest seed yield being a t par with 
%5 ^ ^2 ^^^ %10 -^  ^2* ^ increase of 31.72% over B^ ^^  x S^ 









































































































































4.5.6 Seed protein content 
The effect of application of basal nitrogen, pyridoxine 
soaking treatment and their combinations significantly affected 
seed protein content (Table 38), 
Application of Bj^ ^ (equalled by the \^Q) exhibited the 
highest protein content of seeds. Control (BJ^Q) gave the lowest 
value for protein content. The values for both (best and 
poorest) treatments differed critically with those for the 
remaining treatments. 
With regard to the effect of pyridoxine soaking treatment, 
the maximum protein content was recorded in Sp. Control (S^) 
and S,, showing equal effect, gave the lowest protein content 
of seeds. 
Regarding the interaction effect, it emerged that 
Bj^c ^ S^  gave significantly higher protein content than all 
other interactions, except Bj^c ^  S2, %-]o •^ ^ 2 ^^^ %10 ^ ^ 1* 
The increase due B^^ x S^  was 7.86% in comparison with the 
effect of the interaction B^Q X S^O 
On critically examining the results of this trial, it 
may be concluded that summer moong seeds should be treated with 
0.2% aqueous pyridoxine solution (S^) for 4h before sowing them 
with 5 kg N (and 30 kg P and 35 kg K)/ha. This treatment would 
ensure highest productivity of the crop with best quality seeds. 
As the technique is simple and inexpensive it should appeal 
to the growers also. 
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4,6 Experiment 6 
In t h i s f a c t o r i a l randomised f ie ld experiment, the 
e f fec t s of four basal doses of phosphorus, v i z . , 
15 kg P/ha (Bp^^), 30 kg P/ha (Bp^Q), 45 kg P/ha (Bp^3) and 
60 kg P/ha (BpgQ) and four l e v e l s of pre-sowing seed treatments 
with aqueous pyridoxine solu t ion , i . e . , water soaked (Sy)i 
0.2% (S^), 0,3% (S2) and 0,4% (S^), alone and of t he i r in te rac t ion , 
on growth c h a r a c t e r i s t i c s , ne t ass imi la t ion r a t e (NAR), leaf 
n i t r a t e reductase a c t i v i t y (NRA), leaf NPK contents , yield 
a t t r i b u t e s including, seed yield and on seed qual i ty judged 
by seed pro te in content of summer moong var , K-851 was studies 
in the f i e l d . The data are summarised in Tables 39~44 and 
are b r i e f ly described below. 
4,6,1 Growth c h a r a c t e r i s t i c s 
Five growth parameters, i . e . , root l eng th /p lan t , root 
nodule number/plant, fresh and dry weight of roo t /p l an t and 
leaf number/plant were studied a t 20, 30, 40 and 50d a f te r 
sowing ( ihbles 39-41). 
4,6.1.1 Root length per p l an t 
The e f fec t of varying l eve l s of phosphorus and of soaking 
of seeds in graded Aqueous pyridoxine solut ion alone as well as 
of t h e i r i n t e r ac t i on on roo t length was s ign i f i can t a t a l l 
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With regard to the e f f ec t of phosphorus, Bp showed 
maximum root length a t a l l growth s tages . However, i t was a t par 
with Bp^^ a t 20 and ^ d but differed c r i t i c a l l y from the r e s t 
of the treatments a t 30 and 50d. Application of BpgQ produced 
shor tes t root a t a l l growth s t ages . 
Regarding the e f fec t of soaking treatment, S^  proved 
bes t , but was equalled by Spt a t a l l growth s t ages . These two 
treatments differed c r i t i c a l l y from the remaining treatments 
in t h e i r e f fec t on root l ength . On the other hand, water-soaked 
control (S^) and S^, having equal e f fec t , gave lowest value a t 
20, 30 and 40d. At 50d, only S^ showed the poorest e f f ec t . 
Regarding the in t e rac t ion ef fec t , Bp^^ x S^ proved best 
for t h i s parameter a t a l l growth s t ages . The e f fec t of th i s 
in te rac t ion a t par with those of Bp^^ x S^  and Bp^ x S^  a t 
20d, Bp^^ X S^, Bp X S^  and Bp^ x S^ a t 30 and 40d, while a t 
50d, one more treatment Bp,^ x S^  was also showed equal e f fec t 
with those for above mentioned i n t e r a c t i o n s . Shortest roots 
were given by Bp^ x S^. Application of Bp^^ x S^ gave an 
increased of roo t length by 30.5% a t 20d, 15.02% a t 30d, 26.24% 
a t 40d and 15.67% a t 50d compared with Bp^^ x S^ ( con t ro l ) , 
4 .6 .1 .2 Root nodule number per p lan t 
The e f fec t of phosphorus, pyridoxine soaking treatment 
and the i r i n t e r ac t ion was s ign i f i can t a t a l l growth stages 
( teble 39) . 
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Application of Bp^ resu l ted in the production of 
maximum number of roo t nodules but i t s value was a t par with 
t h a t for Bp^^ a t 30d and with those for Bp.c and Bp^^ a t 40d; 
treatment Bp^ showing s ign i f i can t difference from those for 
other l eve l s a t 20 and 50d. The minimum number of nodules was 
given by B p ^ a t a l l growth s t ages . 
Regarding the soaking treatment, Sp produced maximum 
root nodules a t a l l growth s t ages . However, i t was a t par with 
S-| a t 20 and 40d and differed c r i t i c a l l y from a l l soaking 
treatments a t 30 and 50d. S^ gave the lowest number of 
nodules per p lan t a t a l l s t ages . 
When the in t e rac t ion e f fec t was taken in to consideration, 
Bp:^ ^ :x Sp reg i s t e red maximum value a t 20, 30 and 50d and was 
equalled by Bp^ x S^  and Bp^^ x S2 a t 20 and 50d. However, 
a t 30d, Bp^ X S2 was equalled by Bp.c x S2 only; whereas, a t 
40d, maximum number of nodules were recorded in Bp^ x S-j 
and i t was equalled by Bp^ x S2 and Bp^^ x S2. The treatment 
%15 ^ ^2 save an increase of 6O.O6, 80.30, 54.66 and 70,67% 
a t 20, 30, 40 and 50d respec t ive ly over Bp^c x S^. 
4 .6 .1 .3 Root fresh weight per p l an t 
The e f fec t of basaHyapplied phosphorus, pre-sowing 
seed treatment with pyridoxine solut ion and t h e i r in te rac t ion 
was s ign i f i can t a t a l l growth s tages , except a t 20d, when the 
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Application of Bp^ gave maximum value tha t c r i t ica l ly-
differed a t 30 and 40d but was a t par with those for Bp^^ and 
Bp,^ a t 20d and for Bp.(- a t 50d. On the other hand, Bp^^ gave 
the lowest value a t a l l growth s t ages . 
Regarding pyridoxine soaking treatment, S^  reg is te red 
maximum fresh weight a t a l l growth s tages . However, the value 
was a t par with t h a t for S2 a t 20 and 40d, while, a t 30 and 50d, 
i t showed s ign i f i can t difference from a l l remaining t reatments . 
Treatment S, showed the poorest e f fec t a t a l l growth s tages , 
except a t 50d, when i t was equal to the water-soaked control (S^) 
When in t e r ac t ion e f fec t was taken in to considerat ion, 
i t was observed t h a t Bp^c ^ ^2 gave maximum fresh weight of 
root a t 30, 40 and 50d, However, the value was a t par with 
those for Bp^ Q x S^  and Bp^ x S2 a t 30, 40 and 50d. Moreover, 
a t 50d, Bp-]c X S^  and Bp,^ x S^  were a lso equalled by Bp-|^  x S2. 
The in t e rac t ion Bp^^ ^ S2 increased fresh weight of root by 
40.63, 62.36 and 69.44% a t 30, 40 and 50d respec t ive ly over 
4 .6 .1 .4 Root dry weight per p l an t 
Individual and combined e f fec t of basal dressing of 
phosphorus and pyridoxine soaking on the dry weight of root 
was found to be s ign i f i can t a t a l l growth stages (I^ble 40) . 
Regarding the e f f ec t of phosphorus, Bp, gave the 
a t 
maximum dry weight of r o o t ^ l l growth s tages , except a t 40d, 
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when i t showed equal e f fec t with Bp.^. On the other hand, 
BpgQ gave lowest dry matter of root a t a l l growth s tages . 
As far as the ef fec t of soaking treatment was concerned, 
S2 proved optimum, with S^  showing equal ef fec t a t a l l growth 
s t ages . Treatment S^ and S, showing equal e f fec t and gave 
the lowest dry weight of roo t a t 20d; but a t l a t e r s tages, S, 
showed the minimum value . 
Per ta in ing to the i n t e r ac t ion effect , Bp^^ x S2 was found 
bes t (but equalled by Bp-|c ^ S^) a t a l l growth s tages . I t s 
value was a lso a t par with t h a t for Bp^ Q x S^  a t 20d. The 
in te rac t ion Bp i^- ^ Sp gave an increase of dry weight of root 
of 35.29, 30.00, 64.38 and 44.00% a t 20, 30, 40 and 50d 
respect ive ly over the i n t e r ac t ion Bp^^ ^ S^. 
4 .6 .1 ,5 Leaf number per p lan t 
The e f fec t of phosphorus, pyridoxine soaking treatment 
and t h e i r i n t e r ac t ion on leaf production was found s igni f icant 
a t 30, 40 and 50d. At 20d, only individual e f fec t of these 
treatment was found s ign i f i can t (Table 41) . 
Basal dress ing of phosphorus, Bp^^ gave maximum number 
of leaves a t a l l growth s t ages . However, the value given by 
th i s treatment was a t par with tha t for Bp^^ a t 20, 30 and 40d 
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Regarding soaking treatment, S^  r eg i s te red maximum value 
and was equalled by S2 a t 20, 30 and 40d. While a t 50d, the 
e f fec t of t h i s treatment differed s ign i f i can t ly from those for 
a l l others soaking t reatments . On the other hand, water-soaked 
control (Sy )^ and soaking in S^, showed equal e f fec t and produced 
minimum leaves a t a l l s tages , except a t 50d, where S^ gave the 
lowest va lue . 
Regarding the in t e r ac t ion e f fec t , Bp.^ x Sp gave the 
maximum value and was equalled by Bp^ ,^  x Sp a t 30, 40 and 50d. 
Moreover, the value was a lso s t a t i s t i c a l l y a t par with tha t for 
%30 ^ ^1 "^*^  ^ ^ ^^^ ^p-15 ^ 2^  ^^^ 2p30 ^ S^  a t 50d. The 
in t e rac t ion Bp.e x $2 showed an increase of 25.73% a t 30d, 
23.69% a t 40d and AO.48% a t 50d respec t ive ly over Bp^^ x S^. 
4.6.2 Net a ss imi la t ion rate (NAR) 
Net ass imi la t ion r a t e was computed for 20-30, 30-40, 
and 40-50d i n t e rva l s and i t was s ign i f i can t ly affected by 
phosphorus and pyridoxine treatment alone as well as in combi-
nation (T^ble 41) . 
Regarding the e f fec t of phosphorus, Bp^ showed maximum 
NAR a t each in t e rva l and i t s value differed s ign i f i can t ly from 
those for the r e s t of the t reatments , except a t 20-30d, when 
i t was equalled by Bp^^. On the other hand, BpgQ reg is te red 
the lowest va lue . 
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Maximum NAR was given by S^, but i t was a t par with 
Sg a t 30-40d i n t e r v a l . The highest concentration, v i z . , S^ 
had the lowest value a t each i n t e r v a l . 
Among the various combinations, Bp.^ x So gave highest 
value and was equalled by Bp^^ x Sp a t a l l growth i n t e r v a l s . 
However, the e f f ec t of these treatments was a lso a t par with 
those for Bp.j- x S^  and B p ^ x S^  a t 30-40 and 40-50d i n t e r v a l s . 
The in t e rac t ion Bp.j- x S2 enhanced NAR by 68.79, 3^»72, and 
34.07% a t 20-30, 30-40 and 4O-50d in t e rva l s in comparison with 
4.5 .3 Nitrate reductase ac t iv i ty (NRA) 
Nitrate reductase a c t i v i t y was measured in the leaves 
a t 20, 30, 40 and 50d. Basal appl ica t ion of phosphorus, soaking 
treatments and in t e r ac t ion had s ign i f i can t e f fec t on a c t i v i t y 
of th i s enzyme a t a l l growth stages (ikble 41) . 
Among d i f fe ren t basal phosphorus treatments, Bp^ gave 
s ign i f i can t higher enzyme a c t i v i t y in comparison to a l l other 
phosphorus l eve l s a t a l l s tages , except a t 50d, when i t showed 
equal e f f ec t to t h a t of Bp^5» Highest basal dose of phosphorus, 
(Epg^) r e su l t ed in the lowest NRA a t a l l growth s tages . 
Among d i f fe ren t soaking treatments , S^  showed the maximum 
enzyme a c t i v i t y a t a l l s tages , except a t 40 and 50d, when the 
value was equal to tha t for S^* Highest concentration of 




Of various i n t e r ac t i ons , Bp^^ x $2 gave maximum a c t i v i t y ; 
but the value was equalled by Bp^^ x S2 a t a l l growth s tages . 
Moreover, a t 20 and 30d, Bp^^ x S^  was a lso equalled the above 
i n t e r a c t i o n s . The increase in NflA due to Bp.;- x Sp a t 20, 30, 
40 and 50d over Bp^^ x S^ was 17.99, 7.16, 9.50 and 10.23% 
respec t ive ly , 
4 .6 .4 Leaf NPK content 
Leaf NPK content was estimated a t 20, 30, 40 and 50d in 
fu l ly expanded l eaves . The e f fec t of basal dressing of 
phosphorus, pyridoxine soaking and the i r i n t e rac t ion on leaf NPK 
content was s i gn i f i c an t a t a l l growth s tages . The data are 
summarised in Table 42 and are b r i e f l y described below: 
4 .6 ,4 .1 Nitrogen 
Nitrogen content of leaves was maximum in Bp-^ ^ at all 
growth stages. The value given by this treatment differed 
critically from those of the rest of the treatments at 30d; 
but was at par with that for Bp^^ at 20d. Moreover, at 40 and 
50d, Bp^ i- was also equalled by the above treatments. The 
highest basal dose (Bp^) resulted in the lowest leaf nitrogen 
content at all stages, except at 20 and 30d, when the value 
was at par with that for Bp^^» 
Regarding the effect of pyridoxine soaking treatment, 
S2 had maximum value at all growth stages, except at 50d, 
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par with tha t for S^  a t 20d. The highest concentration of 
pyridoj(ine treatment, i . e . , S, resu l ted in the lowest accumu-
l a t i on of leaf ni trogen content, except a t 40d, when i t s value 
was a t par with t ha t for S^ ( c o n t r o l ) . 
Regarding in t e rac t ion e f fec t , Bp^  x S2 gave maximum 
leaf ni trogen content; but i t was equalled by Bp^ x Sp, 
Bp^ Q X S^  and Bp^^ x S-, a t 20d; Bp^^ x S2, Bp^ x s^ and 
%45 ^ ^2 "^^  ^^ "^*^  ^^ ^^^ ^^3 ^ '^2* %'15 ^ ^1 ^^^ %30 ^ ^1 
a t 50d (Ikble 42) . The i n t e r ac t i on e f fec t of Bp-^ c and S2 
showed an increase in leaf ni trogen content of 7 .71 , 13.53, 
16,52, and 34o78% a t 20, 30, 40 and 50d respect ive ly over 
^P15 ^ ^W 
4,6.4.2 Phosphorus 
Considering the effect of phosphorus at all the four 
stages, the phosphorus percentage of leaves was maximum in 
Bp,Q. The highest dose, i.e., Bp^^ resulted in significantly 
lowest phosphorus content in leaves at all stages. 
Taking the effect of soaking treatment into considera-
tion, phosphorus content in leaf was found to be maximum in 
S-] at all growth stages. The value given by this treatment 
differed significantly from those for all other treatments at 
each stage, except at 40 and 50d, when it was at par with that 
for So. S^ gave the lowest phosphorus content of leaves at 
each growth stages. 
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Among various i n t e r a c t i o n s , Bp.^ x S2 gave maximum leaf 
phosphorus content and i t s value differed c r i t i c a l l y from those 
for a l l other i n t e r a c t i o n s , except those for Bp,Q x S^  and 
%30 ^ ^2 ^^ ^^^ growth stages ( l^b le 42) . The in te rac t ion 
%15 ^ ^Z enhanced leaf phosphorus content by 12.28, 13.21, 
8.78 and 15.61% a t 20, 30, AO and 50d respec t ive ly over 
4 .6 .4 .3 Potassium 
Maximum potassium content of leaves was recorded in the 
p lan t s receiving Bp,Q a t a l l growth s tages . However, the 
value given by t h i s treatment was a t par with t ha t for Bp^^ a t 
20 and 30d. Treatment Bp^^ gave the lowest potassium content 
a t a l l s t ages . 
With regard to the e f f ec t of pyridoxine soaking, S^  
gave maximum value a t a l l growth s t ages . However, the value 
was equalled by Sp a t 20, 30 and 40d. On the other hand S^ 
gave the lowest potassium content of leaves a t a l l s t ages . 
Regarding the i n t e r ac t i on e f fec t , Bp^^ x Sp regis tered 
maximum value and was equalled by Bp^c ^ S.j, ^v) ^ ^'\ ^^'^ 
Bp3Q X S2 a t a l l s t ages . Moreover, a t 20 and 30d, Bp^^ x S^  
was a lso s t a t i s t i c a l l y equal to Bp^^ x S2 ( l^ble 42) . The 
in t e rac t ion Bp^c x S2 gave an increase in leaf potassium 
content of 7 .53, 8.59, 14.94 and 38.89% a t 20, 30, 40 and 50d 
respec t ive ly over Bp-jc ^ S^. 
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4,6.5 Yield c h a r a c t e r i s t i c s 
Five y ie ld charac te rs , namely, pod number/plant, pod 
length, seed number/pod, 1,000 seed weight and seed yield, were 
studied a t harves t . The e f fec t of basal dressing of phosphorus, 
soaking the seeds in pyridoxine, and the i r i n t e rac t ion was 
s ign i f i can t on a l l yield parameters, except in t e rac t ion effect 
on 1,000 seed weight. The data are summarized in Table A3-44 
and are described below in b r i e f . 
4 .6 .5 .1 Pod number per p l a n t 
With regard to the phosphorus e f fec t , Bp3o ^^^ 
Bp^a (having equal e f fec t ) gave more pods than those given by 
other phosphorus l e v e l . Bp^ resu l ted in the lowest number of 
pods. 
Of various pyridoxine soaking treatment, S. proved 
optimum but was equalled by S2 • Treatment S^ gave the lowest 
va lue . 
Among the various i n t e r a c t i o n s , Bp-15 ^ Sp and Bp^ Q x Sp 
(showing equal e f fec t ) produced maximum number of pods (Table 43) . 
The in t e rac t ion Bp.jc x $2 enhanced pod number by 23.0896 over 
%15 ^ ^W 
4.6 .5 .2 Pod length 
Signi f icant longest and shor t e s t pods were found in 



















































































Regarding pyridojxine soaking t r e a t m e n t , S^  gave maximum 
v a l u e . However, i t was a t p a r with t h a t for S2» The p o o r e s t 
e f f e c t was noted i n the t r e a t m e n t S^ b u t the va lue was 
s t a t i s t i c a l l y equal t o t h a t for S^ (water -soaked c o n t r o l ) . 
With r ega rd t o the i n t e r a c t i o n e f f e c t , Bp.^ x So gave 
maximum pod l e n g t h . However, the va lue was a t p a r with those 
fo r Bp^^ X S^, B p ^ X S^ and Bp^^ x S2 (Table 4 3 ) . The 
combined dose of Bp.(- and Sp gave an i n c r e a s e i n pod l e n g t h 
of 10.73% over Bp^^ x S^. 
4 . 6 . 5 . 3 Seed number p e r pod 
The maximum seed number was noted i n Bp,Q. On the 
o the r hand, the l owes t number of seeds p e r pod was recorded 
in BpgQ. 
Among the soaking t r e a t m e n t , S., proved optimum. However, 
i t was e q u a l l e d by Sp* The lowes t seed number was recorded in 
S3 . 
Among v a r i o u s i n t e r a c t i o n s , a p p l i c a t i o n of Bp^ x S2 
gave maximum va lue which was a t p a r with those fo r Bp^^ x S^  
and B p ^ x S2 (Table 4 3 ) . The i n t e r a c t i o n Bp^^ x S2 showed an 
i nc rea se of 4.38% over Bp^^ x S^. 
4 . 6 . 5 . 4 1,000 seed weight 
The effect of phosphorus application and of soaking the 
seeds in aqueous pyridoxine solution alone was significant for 
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t e s t weight (Table 44) . Among various phosphorus l e v e l s , Bp.^ 
proved bes t , but the value was a t par with t h a t for B p ^ . 
Application of B p ^ produced l i g h t e s t seeds. However, the 
value was equalled by Bp,,-. 
Regarding pyridoxine treatment, Sp proved bes t but was 
equalled by S^  . The highest concentrat ion, i . e . , S, produced 
l i g h t e s t seed and the value given by t h i s treatment was 
s t a t i s t i c a l l y equalled by the water-soaked control (S^) . 
4.6«5.5 Seed yield 
As mentioned earlier (p.177),the effect of phosphorus, 
soaking treatment as well as their interaction was found to 
be significant on seed yield (Table 44). 
Among the various phosphorus treatments, Bp:5Q proved 
best. The values given by various levels of phosphorus signi-
ficantly differed from each other. The lowest seed yield was 
recorded in plants receiving Bpg^. 
Regarding the pyridoxine soaking treatment, Sp gave 
maximum seed yield. The value given by different pyridoxine 
soaking treatments showed significant difference from each 
other. The highest concentration of pyridoxine soaking, i.e., 
S^, resulted in lowest seed yield. 
Taking the interaction effect of phosphorus and soaking 





































































































































































































However, the value given by this treatment was at par with 
that for Bp^Q x Sp. An increase of 31.06% over Bp.^ x S^ was 
noted due to Bp.c x Spo 
4.6.6 Seed protein content 
It is evident from Table 44 that maximum seed protein 
content was given by treatment Bp-i^  which was, however, equalled 
by Bp^. Treatment Bpg^ gave the lowest value for seed protein 
content. However, the value was at par with that for the water-
soaked control (Sw)» 
Regarding soaking treatment, Sp gave the maximum seed 
protein content. The highest concentration of pyridoxine, 
i.e., S,, had significant lowest effect. 
Regarding the interaction effect, it emerged that 
Bp^ c- X Sp and Bp^ x Sp (showing equal effect) gave the highest 
seed protein content. The increase due to Bp^^ ^  2^ over 
The overall conclusion of this field experiment is 
that application of 15 kg P (together with 10 kg N and 35 kg K/ha 
uniformly at the time of sowing) and soaking of seed in 0.3 per cent 
aqueous pyridoxine solution should ensure high returns to 
the farmer with minimum investment by way of inputs and 
technology. 
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4.7 Experiment 7 
In this factorial randomised field experiment, the 
effect of basal and foliar nitrogen application, pyridoxine 
soaking and their interaction was studied on growth and yield 
performance of summer moong var, K-851 (Tables 45-50). The 
scheme of the treatments is given in Table 8. 
4.7.1 Growth characteristics 
Five growth characteristics, namely, root length, root 
nodule number, root fresh weight, root dry weight and leaf 
number, were studied at 40 and 50d after sowing. All of these 
parameters were significantly affected by nitrogen treatments, 
except root nodule number at 50d. However, the effect of 
pyridoxine soaking treatment was significant for root length, 
and root nodule number at 40d and for leaf number at both growth 
stages (40 and 50d). However, their interaction effect was 
significant for all of these growth characteristics at both 
stages, except root nodule number at 50d (Tables 45-47). 
4.7.1.1 Root length per plant 
Regarding nitrogen treatment, application of B™ ^'^^m 25 
gave maximum root length both at 40 and 50d. On the other hand, 
application of B^^ R'^ '^ W I'esulted in the lowest value at both 
stages. Regarding the soaking treatment, S2 gave higher value 
than S^  at 40d, whereas, at 50d soaking in aqueous pyridoxine 
solution had an effect that was at par with the performance 





















































































































































































































































































































Regarding the i n t e r ac t i on ef fec t of ni trogen and soaking 
treatment, i t emerged tha t root length was more in the plants 
receiving (Bj^ 2 5 "*" ^ -^i 05^ ^ ^2 ^^ both stages (ifeible 45) . 
This treatment showed an increase of 55.12 and 30,93% over 
(Bj^ P 5 * ^w^ X S. a t AO and 50d re spec t ive ly . 
4.7 .1 .2 Root nodule number per plant 
The ef fec t of ni t rogen appl ica t ion , soaking treatments 
and the i r i n t e r ac t ion had s ign i f i c an t ef fec t on th i s parameter 
a t 40d only ( l^ble 45) . Treatment Bj^ 2 5 "'" ^N1 .25 ^^^^ ^^^ 
maximum va lue . All ni trogen treatment showed s ign i f i can t 
difference from each other in t he i r e f fec t . The lowest number 
of nodules was noted in B^ p^ 5 "*" ^^i" Regarding soaking treatment, 
S2 produced more root nodules in comparison to S^  o 
Among the various i n t e r a c t i o n s , (B.^ p c- + F^^ p^) x Sp 
proved optimum and i t s value differed c r i t i c a l l y from those 
for the other i n t e r ac t ion , except i'^^2 5 "** N^1 25^ '^  ^1 ^^^ 
^^N2.5 "^  ^N2.5^ ^ ^ 1 * '^^ ^ i n t e r ac t ion (6^^2.5 •*" ^N1.25^ ^ ^2 
increased root nodule number per p lan t by 47.57% over 
(SN2.5' V ^ ^r 
4.7.1.3 Root fresh weight per plant 
Data from Table 46 showed that maximum fresh weight of 
root was produced by the plants receiving Bj^ 2 5'*' ^ i^ 25* "^^^ 
value given by this treatment significantly differed from those 


























































































































































































































































































i t was equal to t h a t for Bj^ p 5 "*" ^MO 5* ^ '^^^ other hand, 
the control (Bj,^ c"*" F ) gave the lowest value a t both s tages . 
However, soaking resu l ted in equal ef fec t of both l eve l s of 
pyridoxine. 
Regarding the i n t e r ac t i on e f fec t of ni t rogen and 
pyridoxine soaking t reatments , i t was found tha t (Bj^ p 5'*'^ N1 25^"^^2 
produced maximum fresh weight a t both stages and the value 
differed s ign i f i can t ly from those for a l l other i n t e r ac t ions , 
except, a t 40d when i t was equal to t ha t for (Bj^ p 5'*"^ N2 5^ "^  ^1 
and a t 50d to those for (Bfq2.5'^ ^N1 25^ ^ ^^ ^^^ 
^%2.5'*"^N2.5^ ^ ^ 1 * ^^ ® in t e r ac t i on (%2.5"*"^N1 .25^ ^ ^2 ^^^® 
an increase of 54.98 and 31•78% a t 40 and 50d respec t ive ly over 
4 ,7 .1 .4 Root dry weight per p l a n t 
I t i s evident from Ifeible 46 tha t , a t both sampling 
s tages , B^ jp R'^'^NI 25 P^°'^'^^s'^ s ign i f i can t ly maximum root dry 
weight. Control (B^ p^ 5+F^) gave lowest value a t each growth 
s tage . The e f fec t of pyridoxine soaking treatments (S^ and S^) 
was non-s igni f icant a t 40 as well as 50d. 
Regarding the i n t e r ac t i on e f f ec t s , maximum dry matter 
was noted to be produced in the i n t e r ac t ion (Bj^ p K'^ 'FJ^ -I 25^ ^ ^2 
a t both s tages , and the value differed s ign i f i can t ly from those 
for other i n t e r ac t i ons a t 50d, whereas a t 40d, i t was a t par 
with those for (^2.5"*"^N1.25 
) X S^  and (B^2.5*^N2.5^ ^ ^1 ^^^ 
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d i f f e r e d from those of t h e remaining i n t e r a c t i o n s . The 
i n c r e a s e due to {'^^2 5"*"^^ 25^ ^ ^2 °^®^ ^^N2 5"*"^ W^  "^  ^1 ^^^ 
97.16 and 37.44% a t 40 and 50d r e s p e c t i v e l y . 
4 . 7 . 1 . 5 Leaf number per p l a n t 
The e f f e c t of n i t r o g e n a p p l i c a t i o n , py r idox ine soaking 
t r ea tmen t s and t h e i r i n t e r a c t i o n was found to be s i g n i f i c a n t 
a t a l l s t age s (Table 4 7 ) . 
Treatment B.,_ ^ + F.,. ^^ prodcued maximum l e a v e s a t both 
growth s t a g e s , excep t t h a t a t 50d, the va lue was a t pa r with 
t h a t for Bj^2.5'^^N2.5* ^^^'t'^ol ^^N2.5'^^W^ ^^^^ ^^^ lowes t va lue 
a t both s t a g e s , except , a t 50d, when i t was equa l l ed by 
Bj>xt- + F^. Soaking t h e seeds i n Sp produced s i g n i f i c a n t l y more 
l e aves t h a t doing so in S-| a t 40 a s wel l a s 50d. 
Cons ider ing the v a r i o u s i n t e r a c t i o n s , i t emerged t h a t 
(B..O C + FM^ OC) X So produced maximum l eaves and the va lue 
^ N2 .5 N1,ZD ' 2 
d i f f e r e d s i g n i f i c a n t l y from those for the r e s t of the t r ea tmen t 
a t both s t a g e s , excep t a t 50d, when i t was a t pa r wi th t h a t 
for (%2.5'*"^N2.5^ ^ \ ' '^^ ^ combined e f f e c t of (Bj^ 2 .^"'"^Nl .25^^^2 
enhanced l e a f number by 90.91 and 42.86% a t 40 and 50d over 
the e f f e c t of (Bf^ 2.5'*"^ W^ ^ ^1* 
4 . 7 . 2 Net a s s i m i l a t i o n ra te (NAR) 
Net a s s i m i l a t i o n r a t e was computed for 30-40d and 40-50d 
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nitrogen and pyridoxine soaking treatments. It was found that 
the effects of nitrogen application, soaking treatments and 
their interactions were significant at each growth interval 
(I&ble 47). 
B 
Regarding the ef fec t of ni trogen appl ica t ion , 
N2 5"*'^ N1 25 ^^^^ ^^^ maximum value for NAR a t both i n t e r v a l s . 
On the other hand, the lowest value for NAR was noted in the 
control (BJ^P c.'^P^J,)^ Soaking treatment Sp reg i s t e red a higher 
value than S^. 
Among various i n t e r a c t i o n s , (Bj^ p c+F,,^ p^) x S2 proved 
bes t a t each of the two i n t e r v a l . However, the value was a t 
par with those for (BN2.5'^^N1 .25^  ^ ^1 ^^'^ ^^N2.5"*"^N2.5^ ^ ^2 
a t both in t e rva l s* The i n t e r ac t i on C%2.5"'"%1 .25^ "^  ^2 
enhanced NAR by 17.50 and 36.05% a t 30-40 and 40-50d in te rva l s 
respec t ive ly over (%2.5'*"^W^ "^  '^ 1 • 
4 .7 .3 Ni t ra te reductase a c t i v i t y (NRA) 
Ni t ra te reductase a c t i v i t y was estimated in leaves 
a t 40 and 50d and the effect of ni trogen, pyridoxine soaking 
treatments and t h e i r i n t e r ac t ions was found to be s ign i f i can t 
(Table 47) . 
Among nitrogen treatments, B^,p c + Fj^ ^ 25 S^ve maximum 
leaf NRA at both stages and the values differed significantly 
from each other. Control, i.e., B^^ 5'*"^ W' showed the lowest 
enzyme activity. Soaking the seeds in Sp level of aqueous 
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pyridoxine solution gave significantly more enzyme activity 
in comparison to S^  at both stages. 
Among the various interactions, (B.^ p c^  + Fj^ ^ pi-) x Sp 
resulted in maximum enzyme activity at both stages, increasing 
the enzyme activity by 13.24 and 24.16?6 at 40 and 50d respectively 
over (6^ 2^.5""^ ;/^  ^  ^ 1* 
4.7.4 Leaf NPK content 
These elements were estimated in fully expanded leaves 
and were found to be significantly affected by individual and 
combined application of nitrogen and pyridoxine. The data for 
NPK in leaves at the two growth stages are presented in Table 48 
and are also summarised belowo 
4,7.4.1 Nitrogen 
With regard to nitrogen application, Bj^ P 5'*"^ N1 25 S^ ve 
the maximum leaf nitrogen content at both growth stages, 
except that at 50d, it was at par with that for Bj^ p c^'^'^^n 5* 
Control, viz., Bj,p c'*"Fy gave the lowest value and differed 
significantly from those for other nitrogen treatments at each 
stage. Regarding soaking treatment, S2 had significantly 
higher leaf nitrogen content than S^  at both growth stages. 
Among interaction effects, it was noted that 
(B.TO c•••F^t-1 oir ) ^  So produced maximum nitrogen content at both N2 .P N1 .25 Z 
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equa l l ed by (B^2.5"'^N1.25^ ^ ^1 ^"^ ^^N2.5'-^N2.5^ ^ ^2 ^^ 
AOd, whi le a t 50d, i t was e q u a l l e d by (Bj^ '5'*"^ N2 R^ -^  ^2 
only (Table 4 8 ) . The i n t e r a c t i o n (Bj^ p R^^^WI 25^ "^  ^2 ^^^^eased 
l e a f n i t r o g e n c o n t e n t by 26.79 and 81,20% a t 40 and 50d over 
(Bj,2.5-^F^) X S^. 
4 . 7 . 4 . 2 Phosphorus 
As i s e v i d e n t from I^ble 48, maximum l e a f phosphorus 
c o n t e n t was recorded in the t r e a t m e n t Bj^ 2 5"*"^N1 25 ^^^ ^^^ va lue 
d i f f e r e d s i g n i f i c a n t l y from those for the r e s t of the t r ea tments 
a t each growth s t a g e , excep t a t 40d, when i t was equa l l ed by 
%2 5^N2 5* Contro l (Bj^ p 5'*"^ W^ ^^^^ ^^^ l owes t phosphorus 
c o n t e n t of l e a v e s a t a l l growth s t a g e s . Among the two l e v e l s 
of p y r i d o x i n e , Sp gave s i g n i f i c a n t l y more phosphorus con ten t 
than S^. 
Among the v a r i o u s combinat ions , the i n t e r a c t i o n 
(B,To c + F^,. ^c) X So r e s u l t e d in maximum l e a f phosphorus con ten t 
a t both growth s t a g e s bu t the va lue was equa l l ed by 
(%2.5^^N1.25^ ^ ^1 ^^^ ^^N2.5''^N2.5^ ^ ^1 ^^ ^ ^ ^ ^ ' ^^ 
^%2 5'*"^ N2 5^-^ ^1 ^^ ^ ° ^ * ^^ i n c r e a s e of 65.31 and 73.98% in 
l e a f phosphorus c o n t e n t was recorded in (^^2.5'*"^N1 .25^ ^ ^2 
a t 40 and 50d over (BM2.5'*"^W^ ^ ^ 1 * 
4 . 7 . 4 . 3 Potassium 
Regarding the effect of nitrogen treatment, it was found 
that B|M2.5'^ N^1 .25 ^^^ ®N2.5'*"'^ N2.5 ^  showing equal effect) had 
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s i g n i f i c a n t l y maximum potassium content in leaves a t both stages. 
Control (Bjrp 5"*"^ )^ gave the lowest value a t both growth stages» 
Soaking the seeds in Sp had higher potassium content than that 
recorded in S^. 
Per ta in ing to the i n t e r ac t i on e f fec t of nitrogen 
appl ica t ion and pyridoxine, i t emerged tha t (Bj^ p 5'*"%1 25 ^  "^  ^2 
gave maximum potassium content in l eaves . The value given 
by t h i s combination was s t a t i s t i c a l l y equal with those for 
^\2.5'*"^N2.5^ ^ ^2' ^^^ ^^N2.5"**%1.25^ ^ ^1 ^'^ ^ ^ » ^^^^® "^^  
50d the value was equalled by (B^^ ^ 5'^^UZ,^^ ^ ^^ °^^y (Table 48), 
The i n t e r a c t i o n (B^ p^ 5"*"^ MI 25^ ^ ^2 increased leaf potassium 
content by 41.46 and 22.50% a t 40 and 50d over (B^ 2^ 5"^^^^ ^ ^^' 
4.7.5 Yield characterist ics 
Five yield parameters (pod number/plant, pod length, seed 
number/pod, 1,000 seed weight and seed y ie ld) were studied a t 
harves t . The individual and combined ef fec ts of nitrogen 
appl ica t ion and pyridoxine soaking treatments on these yield 
parameters were found to be s ign i f i can t , except pod length 
and 1,000 seed weight ( l^bles 49-50) . The data are summarised 
below: 
4.7.5.1 Pod number per p l a n t 
With regard to the e f fec t of ni trogen t reatments , 
%2 5"*'^ N1 25 P^°d^ced maximum pods and i t s value differed 
s ign i f i can t ly from those for a l l other ni t rogen t reatments . 
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Cont ro l (B»rp c'^'F^) produced minimum number of pods . Soaking 
the seeds i n Sp r e s u l t e d i n h igher pod number p e r p l a n t in 
comparison t o S^  (Table 4 9 ) . 
Among v a r i o u s i n t e r a c t i o n s , (B^p 5'*"^M-] 05^ ^ ^2 P^O'^ '^ ^e^^ 
maximum pods pe r p l a n t and the i n c r e a s e due to t h i s i n t e r a c t i o n 
over (Bj^2.5'^^W^ ^ 1^ ^^^ 90.5%. 
4 . 7 . 5 . 2 Pod length 
I t is evident from Ihble 49 that the effect of nitrogen 
treatment, pyridoxine soaking and their interaction was 
non-significant. 
4 . 7 . 5 . 3 Seed number per pod 
Maximum seed number was noted in Bj^ p 5'*"%i 25* "^ ^^  
va lue given by t h i s t r e a t m e n t showed s i g n i f i c a n t d i f f e r ence 
from a l l o t h e r t r e a t m e n t , excep t Bj^ p 5'*"Fi^ 2 5* '^^ ^^^ o ther 
hand, the c o n t r o l (B^^ «=."*"^ w^  ^^^^ ^^^ lowes t number of seeds 
pe r pod . Out of t he two soaking t r e a t m e n t s , S2 produced more 
seeds per pod than S^. 
As f a r a s i n t e r a c t i o n e f f e c t was concerned, 
(B ,^p s''"^'^l ?S^ ^ ^2 S^ "^ ® maximum va lue bu t showed equal e f f e c t 
wi th (Bfg2.5"^F^^2.5^ "^  ^1 ^^^ ^N2.5''^N1.25 ^ ^1 ^ ^^^^^ ^ 9 ) . The 
a p p l i c a t i o n of (Bj^ 2 ^'^^m 25^ "^  '^ 2 S^ve an i n c r e a s e of 26.70% 
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4 .7 .5 .4 1,000 seed weight 
As mentioned e a r l i e r , n i t rogen app l ica t ion , pyridoxine 
soaking treatments and t h e i r i n t e r ac t i on had non-s ignif icant 
e f fec t on t h i s parameter (Ihble 50 ) . 
4.7 .5 .5 Seed yield 
I t i s evident from Table 50 tha t individual as well 
as i n t e r ac t i on e f fec t of ni t rogen and pyridoxine was s ign i f i can t . 
Among various ni trogen app l ica t ion , Bj^ p 5"*"%i 25 Save 
maximum seed yield and the e f f ec t differed c r i t i c a l l y from 
those for a l l other t reatments . Lowest seed yie ld was recorded 
in control (E^2 .5"''^W^' 
Regarding pre-sowing seed soaking, treatment with the 
Sp leve l of pyridoxine resul ted in higher seed yie ld than on 
t r ea t i ng them with S^  . 
As far as i n t e rac t ion effect was concerned, (B™ C;'*"FM-I o -^^ ^p 
reg i s te red highest seed yield and differed s ign i f i can t ly in i t s 
e f fec t from a l l other t reatments , exceptCB-^ '^''^ Mp 5)-^ ^1 • ^ 
increase of 20.27% over (B^p 5"^ ;^^ ^ ^ ^1 ^^s noted due to 
i n t e r ac t ion e f fec t of (B^^^ 5'*"^ N1 25'^ "^  ^2* 
4 .7 .6 Seed p ro t e in content 
A perusal of I^ble 50 revealed maximum seed pro te in 
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c r i t i c a l l y from those for a l l other t reatments . The lowest 
p ro te in content was found in the control (BpT2 s"*"^ ;^ *^ Regarding 
the effect of soaking t reatments , Sp gave higher seed protein 
content compared to S^. 
Among the various i n t e r a c t i o n s , (B™ c+F^-i OR ) ^ Sp, 
equalled by (Bj^ p c + Fj^ p 5^ "^  ^1» Produced s ign i f i can t ly maximum 
pro te in content of seeds. An increase of 7.12?6 was noted in 
(%2.5"'^N1.25> ^ ^2 over (B^^^^+F^) x S^  . 
These considered in t h e i r e n t i r e t y reveal t ha t , 
ind iv idua l ly , the appl ica t ion of B^ p^ c + Fj,. pi- and pre-sowing 
seed treatment with 0.3 per cent pyridoxine (Sp) and co l l ec t ive ly , 
^^N2c5"^ ^N1 .25^ ^ ^2 P^°^^^ optimum. 
I t may, therefore , be concluded tha t the appl ica t ion of 
2.5 kg N/ha a t the time of sowing, followed by 1.25 kg N/ha 
applied as f o l i a r spray a t 35d (together with 15 kg P and 35 kg 
K/ha) to summer moong seeds soaked before sowing in a 0.3% 
aqueous pyridoxine solut ion would boost the seed yield and 
qual i ty of t h i s important grain legume. The farmers should 
therefore , have no hes i t a t ion in adopting t h i s inexpensive 
technique. 
4 ,8 Experiment 8 
This experiment on summer moong var,K-851 was also la id 
out according to factorial randomised block design. The effect 
of basal and f o l i a r phosphorus appl ica t ion , pyridoxine soaking 
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and their interactions on the growth and yield performance of 
the crop was studied (Table 51-56). The scheme of treatments 
is given in Table 9. 
4.8,1 Growth characteristics 
Five growth parameters, namely,root length, root nodule 
number, root fresh weight, root dry weight and leaf number were 
studied at 40 and 50d after sowing to investigate the individual 
and combined effect of various doses of phosphorus and two 
pyridoxine soaking treatments (Table 51-53) • 
The effect of various phosphorus treatments, pyridoxine 
soaking and their interactions on these parameters was found 
to be significant at both growth stages (40 and 50d). 
4.8.1.1 Root length 
The e f fec t of phosphorus appl ica t ion , pyridoxine soaking 
treatment and t h e i r i n t e r ac t ion was s ign i f i can t a t both growth 
stages (Ifeible 51 ) . 
Regarding phosphorus appl ica t ion , Bp-iJFpp gave longest 
roots a t both growth stages and the value differed s ign i f i can t ly 
from those for a l l other t reatments , except Bp^c + Fp., a t both 
growth s t ages . The control (Bp-,Q+F^) gave the lowest value a t 
both s t ages . Regarding the pyridoxine soaking treatment, 

















































































































Among v a r i o u s i n t e r a c t i o n s , (Bp^o^^P2^ ^ ^2* ^Q'^^H^d ^Y 
(Bp^^+Fp.) X Sp, produced maximum r o o t l e n g t h a t e i t h e r growth 
s t a g e . The e f f e c t of (%)>iQ"*"^ pp-^  ^ ^2 "manifested i t s e l f in an 
i nc r ea se of 39.97 and 52.22% in r o o t l eng th a t 40 and 50d over 
(Bp^Q+F^) X S^. 
A .8 .1 ,2 Root nodule number p e r p l a n t 
With r ega rd t o phosphorus a p p l i c a t i o n , Bp-io'^'^pp r e s u l t e d 
in maximum number of r o o t nodules and i t s va lue was a t pa r with 
t h a t for Bp-]c"*"Fp-i a t e i t h e r growth s t age and d i f f e r e d c r i t i c a l l y 
from those for o the r phosphorus t r e a t m e n t s . Lowest va lue was 
given by the t r e a t m e n t Bp-i5'*"^ w» which was equa l l ed by Bp^Q+F^ 
a t AOd, while a t 50d, Bp^Q+Fp^ and Bp^^+Fp2» be ing s t a t i s t i c a l l y 
equa l , showed p o o r e s t e f f e c t . Soaking seeds i n Sp produced 
more nodules compared wi th S^. 
Regarding the i n t e r a c t i o n e f f e c t , (^p^Q+Fpp) x S2 produced 
maximum r o o t nodules a t bo th s t a g e s (Table 5 1 ) . The i n c r e a s e 
in r o o t nodule number over (Bpio'*"^w) ^ ^1 ^^^ "^ ^ '^'^^^ i n t e r a c t i o n 
was 104.94 and 75.05% a t 40 and 50d r e s p e c t i v e l y . 
4 . 8 . 1 . 3 Root f r e sh weight p e r p l a n t 
As i s e v i d e n t from Ifeible 52, Bp-iQ''"f'pp gave maximum value 
b u t was equa l l ed by Bp-]5'*"Fp^ a't both growth s t a g e s . The c o n t r o l 
(Bp^Q+F^) gave the lowes t f r e sh weight of r o o t a t both s t a g e s . 




















































































































































































































































































































































































































































The in t e r ac t ion (Bp-)o'*"^p?) -^  ^2 P^^'^s^ bes t and produced 
the maximum fresh weight a t both growth s tages , except 40d, 
when i t s value was a t par with those for (^pHQ+Fp. ) x Sp and 
(Bp^^+Fp^) X S^. The i n t e r ac t i on (Bp^o'*"^P2^ ^ ^2 ^^^® ^^ 
increase of 99.20 and 95.69% in root fresh weight a t 40 and 50d 
respec t ive ly over (Bp^Q+F^) x S^  , 
4 .8 ,1 .4 Root dry weight per p l a n t 
The e f fec t of phosphorus appl ica t ion , pyridoxine soaking 
treatment and t h e i r i n t e r ac t ion was found to be s ign i f i can t 
(Table 52 ) . 
Maximum root dry matter was produced a t both growth 
stages by the p l an t s receiving Bpi5"*"Fp-| and the e f fec t of th i s 
treatment was s ign i f i can t ly d i f fe ren t from those for a l l other 
t reatments, except, ^p^Q'^^pp^ The lowest value was given by 
the control (Bp-io'*"^ w^ ^* both growth stages and the value 
differed s ign i f i can t ly from those for the other treatments 
a t 40d; but a t 50d, i t was equalled by some other phosphorus 
t reatments . Regarding soaking treatment, Sp produced s i g n i f i -
cant ly more dry matter of root in comparison to S^  a t both 
s t ages . 
The i n t e r ac t i on (Bp-,^+Fpp) x Sp gave maximum value a t 
both s tages; but i t was a t par with t h a t for (Bp-i5'*"Fp-i ) . An 
increase of 89.47 and 57.1096 due to i^p^n'^^pp) ^ ^2 ^^^ noted 
over (Bp^Q+F^) x S^  . 
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4o8o1.5 Leaf number per p l a n t 
Among the d i f fe ren t phosphorus t reatments , 0^45"*"^ p-i 
produced the maximum number of leaves a t both s tages , except 
a t 50d; where the value was s t a t i s t i c a l l y equal to tha t for 
Bp^^+Fpp. The lowest number of leaves was recorded in the 
control (Bp^Q+F^) a t both s t a g e s . With regard to the soaking 
treatment, Sp produced more leaves a t both growth stages 
compared to S^  ( l^ble 53) . 
Regarding the various i n t e r ac t i ons , (Bp^Q+Fp„) x S2» 
equalled by (Bp.,c"*"Fp,) x Sp, produced maximum leaves a t both 
growth s t ages . An increase of AO.OO and 56.67?^ was given by 
(Bp. +F ) X $2 a t 40 and 50d respec t ive ly over (Bp-^ Q^^ W^ ^ ^1 
4.8.2 Net ass imi la t ion r a t e (NAR) 
Net ass imi la t ion r a t e was calculated for 30-40 and 
40-50d in te rva l to inves t iga te the individual and combined 
ef fec ts of various phosphorus and pyridoxine t rea tments . I t 
was noted t h a t the e f f ec t of these treatments alone and in 
combination, was s ign i f i can t a t each in t e rva l ( l^ble 53) . 
Regarding the phosphorus treatment, Bp-in^^p? (equalled 
by Bp'i5'*"^p'i) gave maximum NAR a t each i n t e r v a l . At 30-40d, 
Bp^c + Fy a lso showed equal e f f ec t with the above mentioned two 
phosphorus t rea tments . Soaking the seeds in S2 level of 
pyridoxine gave more NAR a t both in t e rva l s compared to S^. 
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Among the various i n t e r a c t i o n s , (%io"*'^P?^ "^  ^2 
resu l ted in ma:ximum NAR a t both growth stages and the value 
s ign i f i can t ly differed from those for the remaining in te rac t ions 
a t both i n t e r v a l s , except a t the A0-50d in t e rva l when i t was 
a t par with tha t for (Bp-]5"*"Fp^  ) ^ S2. The in t e r ac t ion 
(Bp^Q+Fpp) X S2 gave an increase in NAR of 51.94 and 53.56% 
over (Bp^Q+Fy,) x S^  a t 30-AO and 40-50d i n t e rva l s respec t ive ly . 
4 .8 ,3 Ni t ra te reductase a c t i v i t y (NRA) 
Nitrate reductase a c t i v i t y of leaves was estimated a t 
40 and 50d growth s t ages . The e f fec t of various leve ls of 
phosphorus appl ica t ion and soaking treatments alone and in 
combination was found to be s ign i f i can t a t each stage (Table 53). 
The maximum enzyme a c t i v i t y was recorded in p lan ts 
receiving Bpi5'*"Fp'i i^nd i t differed c r i t i c a l l y from those for 
the other t reatments, except Bp-]o^^P2* ^'^^^^ ^ave equal e f fec t 
a t each growth s tage . The lowest enzyme a c t i v i t y was noted 
in the control (BpHQ'*"F^ ) a t both s t ages . Soaking the seeds 
in Sp leve l of pyridoxine solut ion showed more enzyme a c t i v i t y 
than S^ a t both growth s t ages . 
With regard to the effect of i n t e rac t ion , (Bp^Q+Fpp) x S2 
had the maximum NRA a t both s t ages . This i n t e rac t ion gave an 
increase of 17.84 and 17.46% over (Bp^Q+F^) x S^  a t 40 and 50d 
respec t ive ly . 
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4.8 .4 Leaf NPK content 
The e f fec t of d i f fe ren t phosphorus l eve l s and pyridoxine 
soaking treatments and t h e i r i n t e r ac t i on on leaf NPK content 
was s ign i f i can t a t both growth stages (T&ble 5 4 ) . 
4 .8 .4 .1 Nitrogen 
With regard to phosphorus t reatments , i t was noted tha t 
Bp^Q+Fp (equalled Bp^ (- + Fp.) resu l ted in maximum accumulation 
of leaf ni trogen a t both growth stages and the value differed 
s t a t i s t i c a l l y from those for other phosphorus t reatments . The 
lowest value was given by the control (Bp.,Q+F^) a t both s tages, 
except 40d, when the value was equalled by ^p^c^'^'^pp* Soaking 
the seeds in Sp proved optimum and the value differed 
c r i t i c a l l y from tha t for S^  a t both s t ages . 
Among various i n t e r a c t i o n s , appl ica t ion of (Bp^Q+Fp„) x Sp, 
showing equal e f fec t with (Bp i^c + Fp.) x Sp, had maximum leaf 
ni trogen content a t both growth stages (T^ble 5 4 ) . The combined 
dose of (Bp^o"*"^ PP^ "^  ^? increased lea f ni trogen by 23.36 and 
29.32% over (Bp-in^^w^ x S^  a t 40 and 50d r e spec t ive ly . 
4 .8 .4 .2 Phosphorus 
Regarding phosphorus appl ica t ion , Bp-ic'^ Fp^ resul ted 
in s ign i f i can t ly maximum accumulation of phosphorus in leaves 
a t both s tages ,except a t 40d, when the value was equalled by 
Bp.„ + Fp . The control Bp.Q+F^ gave the lowest value a t both 
s t ages . Regarding pre-sowing seed treatments, Sp resul ted 
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in more accumulat ion of phosphorus i n l e aves a t bo th i n t e r v a l . 
The va lue d i f f e r e d c r i t i c a l l y from t h a t for S^. 
P e r t a i n i n g t o v a r i o u s i n t e r a c t i o n s , i t was revea led t h a t 
(Bp.„+Fp ) X S^, equa l led by (^p-ic;"*"^p^) ^ ^p' S^^^ '*^ he ma:ximum 
c o n c e n t r a t i o n of phosphorus i n l e a v e s a t bo th growth s t ages 
(Table 5 4 ) . The i n t e r a c t i o n (Bp-iQ+Fpp) x S2 inc reased l e a f 
phosphoros c o n t e n t by 19.28 and 28.74% over (Bpio"*"^;^) ^ ^1 '^*' 
40 and 50d r e s p e c t i v e l y . 
4 . 8 . 4 , 3 Potassium 
Maximum potass ium c o n t e n t of l e aves was recorded in 
p l a n t s r e c e i v i n g Bp^c'^Fp. a t each i n t e r v a l . The va lue was a t 
pa r with those for Bp^Q+Fpp and Bp^^ + F^ ^ a t 40d and with t h a t 
fo r Bp^^Fpp a t 50d. The lowes t va lue was recorded in 
Bp^Q+F^ a t 40d and Bp'ic'*"Fpp a t 50d. Soaking the seeds i n S2 
gave h igher potass ium c o n t e n t of l e a v e s a t bo th growth s t ages 
compared wi th S. ( i kb l e 5 4 ) . 
Among v a r i o u s i n t e r a c t i o n s , (Bp^Q+Fp„) x Sp r e s u l t e d in 
maximum accumula t ion of potass ium in l eaves a t each i n t e r v a l . 
However, the v a l u e was s t a t i s t i c a l l y equal to t h a t for 
(Bp^^+Fp^) X S2 a t bo th s t a g e s . Moreover, a t 50d, (Bp^o'*"^P1^ ^ ^2 
a l s o showed equal e f f e c t with the above mentioned two i n t e r a c -
t i o n s . An i n c r e a s e of 32.16 and 19.15% potass ium con ten t of 
l eaves due to (Bp^Q+Fp2) x S^ over (Bp^^+F^) x S^  was noted a t 
40 and 50d r e s p e c t i v e l y . 
199 
5.8.5 Yield c h a r a c t e r i s t i c s 
Five yie ld parameters (pod number/plant, pod length, 
seed number/pod, 1,000 seed weight and seed y ie ld) were 
studied a t harves t . The e f fec t of phosphorus, pyridoxine 
soaking treatments and the i r i n t e rac t ion was s ign i f i can t on 
a l l yield parameters . The data are summarised in 'tebles 55-56 
and are b r i e f l y described below. 
4 .8 .5 .1 Pod number per p l a n t 
Regarding phosphorus app l ica t ion , Bpin"*"^?? P^^^uced 
maximum number of pods and i t s e f fec t differed c r i t i c a l l y from 
those for a l l other t reatments , except, ^p^^'^^p^' '^^^ poorest 
e f fec t was given by the treatment ^p^^'*^p2' •'^ niong the two 
leve ls of pyridoxine selected for soaking the seeds, S2 produced 
more pods than S^  . 
Among various i n t e r a c t i o n s , ^^p-io"*"^ P2^ '^ ^2 P^°<^^^^^ 
the maximum number of pods, the increase due to t h i s treatment 
was 68.77% over (Bp^Q^-F^) x S^  ( l^ble 55)o 
4 .8 .5 .2 Pod length 
Longest pods were obtained as a r e s u l t of the appl ica t ion 
of Bp^^+Fp„ and the average value differed s ign i f i can t ly from 
those for a l l other t reatments , except Bp^^+Fp^ . On the other 
hand, the control (Bp^Q+F^) showed poorest e f f e c t . With regard 
to soaking treatments, S2 produced s ign i f i can t ly longer pods 
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Regarding the e f f e c t of v a r i o u s i n t e r a c t i o n s 
^%10*^P2^ "^  ^2 ^ s g i s t e r e d maximum e f f e c t t h a t d i f f e r e d 
c r i t i c a l l y from the e f f e c t of a l l o the r i n t e r a c t i o n s , except 
(Bp^Q+Fp^) X S2 and (Bpi5"*"Fp^) x S2. The i n t e r a c t i o n 
(Bp^Q+Fp„) X Sp inc reased pod l e n g t h by 30.01% over 
(Bp^Q+F^) X S^  (Ifeible 5 5 ) . 
^ . 8 . 5 . 3 Seed number per pod 
I t i s e v i d e n t from the I^ble 55 , Bp^^+Fp^ produced 
maximum seeds per pod. However, the e f f e c t v/as a t pa r with 
t h a t of Bp. +Fpp; b u t these t r e a t m e n t s d i f f e r e d s i g n i f i c a n t l y 
from a l l o the r t r e a t m e n t s with r e s p e c t t o t h e i r e f f e c t on 
seed number per pod. The c o n t r o l (Bp')o"*"^w^* t o g e t h e r with 
Bp^c + Fpp, showing equal e f f e c t , gave the lowes t v a l u e . Of the 
two pyr idox ine l e v e l s , S2 proved s i g n i f i c a n t l y b e t t e r in 
comparison to S-, o 
As f a r as i n t e r a c t i o n e f f e c t was concerned, ^^P^Q^^PO^'^^Z 
and (Bp-i5'''Fp-i ) ^ So, be ing s t a t i s t i c a l l y equa l , produced the 
maximum seed number pe r pod. This i n t e r a c t i o n (BPIQ+FP2) x S2 
showed 35.03% inc r ea se over (Bp^Q+F^) x. S^  . 
4.8.5.A 1,000 seed weight 
Among v a r i o u s l e v e l s of phosphorus a p p l i c a t i o n , 
Bp^c:'*'Fp^ produced the h e a v i e s t s e e d s . However, the va lue 
given by t h i s t r e a t m e n t was a t p a r wi th the 1,000 seed weight 
noted in Bp^Q+Fp„ and Bp^^+F^^. The l i g h t e s t seed were noted in 
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the control (Bp^Q+F„). Regarding soaking treatment, S„ 
produced heavier seeds as compared with S-^  (Table 56) . 
Regarding the various i n t e r ac t i ons , ^^p-in^^P?^ "^  '^ 2 
produced the heaviest seeds. The value given by t h i s i n t e r a c -
t ion was s t a t i s t i c a l l y equal with tha t for (Bp-i5•*• ^ p-i) ^ ^2' 
The in te rac t ion (Sp-iQ+Fp^) x Sp gave an increase of 3.35% in 
1,000 seed weight over (Bp^Q+F ) x S. . 
4 .8 .5 .5 Seed yield 
The e f fec t of phosphorus appl ica t ion , pyridoxine soaking 
treatment and the i r i n t e rac t ions on seed yield was s igni f icant 
(T^ble 56) . 
Regarding basal plus f o l i a r appl ica t ion of phosphorus, 
Bp^c'^ 'Fp^ produced maximum and the value differed c r i t i c a l l y 
from those for the remaining t reatments . The lowest seed yield 
was recorded in treatment Bp.^ + F^. Pertaining to soaking 
treatments, Sp leve l of pyridoxine gave higher seed yield 
than S^  . 
Regarding the in t e r ac t ion e f fec t , (^pio^^P?^ •^  ^2 ^ave 
maximum seed yield and i t s e f fec t differed s ign i f i can t ly from 
those for the remaining i n t e r a c t i o n s . An increase of 35.56% 
was noted due to (Bpio''"^P2^ ^ ^2 °^®^ ^%lo"*"^ W^ ^ ^1* 
4 .8 .6 Seed p ro te in content 
I t i s evident from the I^ble 56 tha t maximum seed protein 
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minimum in p lan t s to which Bp-io"'"^ w ^^^ been appl ied. However, 
the value was equal to those given by ^p-^r.'^^w and Bp^c + Fp . 
Soaking the seeds in Sp resu l ted in s ign i f i can t ly higher 
pro te in content in comparison to S^. 
When the in t e rac t ion e f fec t was taken in to consideration, 
(Bp.Q+Fpp) X Sp gave the maximum pro te in content and showed 
19.33% increase over (Bp.,Q+F^) x S^  . 
A perusal of the e n t i r e data of th i s experiment would 
reveal tha t : 
( i ) the appl ica t ion of Bp^^+Fp^ among the individual 
phosphorous t reatments , 
,( i i) pre-sowing seed treatment with 0.3 per cent aqueous 
pyridoxine so lu t ion , and 
( i i i ) the combination of (Bp-jQ"*"^ P2^ ^"^ ^2 ^^^ ^^^ presence 
of 5 kg N and 35 kg K/ha) proved optimum and economically 
feas ib le , 
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CfiAPTER - 5 
DISCUSSION 
5.1 Introduction 
The world-wide Increase In environmental pollution and 
rapidly depleting energy resources have shaken many old and 
well-established practices with agriculture being no exception. 
This has consequently generated a global awakening and has 
discouraged indiscriminate use of synthetic fertilisers in order 
to conserve the environment and energy. In developing countries, 
like India, where a wide gap between production and consumption 
of fertilisers exists and the poor economic conditions of the 
farmers are ubiquitously prevalent (Subba Rao, 1979), the 
aforesaid awakening has much relevance. Thus, there are rigorous 
efforts to explore ways which could circumvent the situation 
without depleting the productivity of crops. 
It is well known since time immemorial that leguminous 
crops not only act as the chief source of edible proteins but 
also leave residual nitrogen in the field which provides 
nourishment to the subsequent crop. The latter property is the 
outcome of a congenial symbiotic association between legume 
roots and diazotrophic rhizobia. As the root also acts as a 
conduit to supply nutrients and water to plants from the soil, 
it would be of considerable practical consequence if a well 
proliferated leguminous root system could be achieved by some 
physiological manipulation. Such a well developed root system 
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would a lso provide more surface area for symbiotic associa t ion 
with rhizobium. 
At Aligarh, Afridi , Samiullah and t h e i r a ssoc ia tes , 
working on these assumptions t r i ed ,dur ing the l a s t decade or 
so, various growth promoting substances and succeeded in obtaining 
luxur ian t root system of various crops, including grain legumes 
(Samiullah e_t al_., 1988). They noted tha t among these substances, 
pre-sowing seed enrichment with pyridoxine (vitamin Br) enhanced 
not only root growth and root nodule number but a l so yield and 
qual i ty of l e n t i l and moong (Afridi e_t al_., 1985; Samiullah e_t al_,, 
1985; Ansari, 1986; Ansari and Khan, 1986). The findings 
reported in the present thes i s are further e laborat ion of the 
previous work on these two legumes. The main objective of the 
inves t iga t ion was to explore i f economy of applied nitrogenous 
and phosphatic f e r t i l i s e r s could be achieved by the use of new 
techniques tha t would encourage symbiotic b io logica l dinitrogen 
f ixa t ion on the one hand and on the other to guard agains t 
the wastage of cos t ly and scarce nitrogenous and phosphatic 
f e r t i l i s e r s , a large p a r t of which becomes unavailable to p lants 
soon a f te r basal appl ica t ion due to f ixa t ion , leaching, 
v o l a t i l i s a t i o n , e t c . (Russell , 1950; Anonymous, 1971). For th i s 
purpose, e ight f i e ld t r a i l s , four each on l e n t i l (Lens cu l ina r i s L. 
Medic) va r . 1^36 and moong (Vigna rad ia ta L. Wilczek) var,K-851, 
were conducted with a view to study the e f fec t of pre-sowing 
seed enrichment with minute quan t i t i e s of pyridoxine on 
eff icacious u t i l i s a t i o n of s o i l and/or leaf -appl ied nitrogen 
or phosphorus by these crops. 
205 
5.2 Growth c h a r a c t e r i s t i c s 
Growth of p lan t organs r e s u l t s from orderly ce l l 
d iv i s ion , expansion and d i f f e r e n t i a t i o n . These processes are 
dependent, among other fac to rs , on proper supply of mineral 
nu t r i en t s and growth substances as well as on the genetic 
make up of the p l an t s (Moorby and Besford, 1983). A su i tab le 
combination of these fac tors brings about healthy growth and 
development of p l an t s which, in i t s turn, ensures good crop 
yield and qua l i t y . 
In Experiment 1 on l e n t i l , appl ica t ion of 30kg N/ha 
(B^T^(-)) enhanced root length, root fresh and dry weight and leaf 
number a t 60, 90 and 120d and root nodule number a t 60 and 90d 
(I&bles 1-1-13). In Experiment 5 on summer moong, appl ica t ion 
of 5 kg N/ha (Bj^ tr) proved optimum for the aforesaid parameters, 
except root fresh weight, a t 20, 30, 40 and 50d (Ifeibles33-35). 
However, basal appl ica t ion of 45 kg N/ha viz. , (Bj^^^) proved a t 
par with B ^ ^ in Experiment 1 and 10 kg N/ha (BJ^^Q) to Bj^ ^ in 
Experiment 5, which would be considered " luxury consumption" 
in terms of Bouma (1983). The higher requirement of nitrogen 
for l e n t i l than for summer moong could be explained on the 
basis of former being a long durat ion crop (140d) than the 
l a t t e r tha t takes only 60d to mature. These data confirm 
e a r l i e r s tudies conducted a t Aligarh (Akhtar, 1985). In 
Experiments 3 and 7 ni t rogen was applied in two s p l i t s , half 
of the optimum ni trogen dose (es tabl ished in Experiment 1 for 
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l e n t i l and in Experiment 5 for summer moong) was given a t the 
time of sowing and one s ixth or one third ni t rogen in 
Experiment 3; and One fourth or half of ni t rogen in Experiment 7 
a t pod f i l l i n g stage as supplemental f o l i a r spray. Basal 
appl ica t ion of 15 kg N/ha with 5 kg leaf -appl ied N/ha i\>\^'^^i^^) 
in Experiment 3 and 2.5 kg basal N/ha with 1.25 kg leaf-
applied N/ha (Bj^ p 5'*"^ N1 25^ ^^ Experiment 7 promoted root length 
root nodule number, root fresh weight, root dry weight and 
leaf number in l e n t i l a t 120d and in summer moong a t AO and 50d 
('febles 23-24 & 45-47). I t c l ea r ly ind ica tes t ha t fo l i a r 
spray of ni t rogen was more e f f i c i e n t in l e n t i l than in summer 
moong. The reason could be t ha t l e n t i l i s a long duration 
crop and much of the basa l ly applied ni trogen i s subsequently 
l o s t , and the crop suffers a hidden hunger a t l a t e r stages 
as has been pointed out above (Section 5 .2 , po 205 )• In such 
a s i t u a t i o n , supplemental app l ica t ion of ni t rogen as fo l i a r 
spray becomes benef ic ia l in long duration crops. 
In Experiment 2 on l e n t i l , basal appl ica t ion of 30kg P/ha 
(Bp^^) proved optimum for root length, root nodule number, 
roo t fresh weight, root dry weight and leaf number a t a l l 
stages (Tables 17-19) . In Experiment 6 on summer moong, 
however, no def in i te trend of the c rop ' s response to phosphorus 
appl ica t ion could be r e g i s t e r e d . However, 15 kg P/ha and 30 kg 
P/ha gave equal e f fec t for one or the other growth parameter 
a t d i f fe ren t growth stages (ifeibles 39-41). On the other hand, 
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application of 20 kg basal P/ha with foliar spray of 
2 kg P/ha (BppQ+Fp ) resulted in maximum values for root 
length, root nodule number, root fresh weight, root dry weight 
and leaf number in lentil at 120d in Experiment 4. But 
application of 30 kg basal P/ha and foliar spray of 1 kg P/ha 
(Bp,Q+F ) also gave an effect equal to that of Bp^Q+F for 
most of the parameters (Tables 28-29). In Experiment 8 on 
summer moong, application of 10 kg basal P/ha and foliar spray 
of 2 kg P/ha (Bp-)o"*"^ P2) ^^^ of 15 kg basal P/ha and foliar 
spray of 1 kg P/ha (Bp^ 5"*"^ pi) pr'oved equally effective for the 
aforesaid growth parameters at hO and 50d stages (Tables51-53). 
The same reason is valid for beneficial effects of phosphorus 
spray as for those of nitrogen spray given above. 
It may be emphasised that stimulation of root growth in 
field grown leguminous crops by either nitrogen or phosphorus 
application has not been reported so far in the literature. 
However, Drew e_t al_. (1973), Drew and Saker (1975) and Drew (1975) 
noted enhanced growth of the seminal root system of barley 
grown under controlled conditions by localised supply of 
nitrogen and phosphorus. 
In Experiment 1-8 on lengtil and summer moong (Tables 11-13» 
17-19, 23-24, 28-29, 33-35, 39-41, 45-47, & 51-53), pre-sowing 
seed treatment with 0.3% pyridoxine (Sp) proved optimum for 
almost all growth parameters at all samplings. It indicates 
that lentil and summer moong showed similar response to 
pyridoxine treatment. A simple explanation may be that seeds 
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of these crops contained approximately the same nat ive pyridoxine 
content , the values being 22.42Mg and 21 .76M.g/g dry weight of 
seed respec t ive ly , which were seemingly inadequate to susta in 
normal growth and development of e i t h e r crop. Therefore, 
pyridoxine content in seeds may be taken as agCri ter ion to 
decide whether p lan t s wi l l respond to the appl ica t ion of the 
vitamin or no t . Application of exogenous pyridoxine as pre-sowing 
seed treatment seems to enhance the leve l of the endogenous seed 
pyridoxine to an extent t ha t gave an i n i t i a l boost to the 
emerging seedl ings . These na tu ra l l y continued to perform b e t t e r 
a t the l a t e r growth stages in both crops, a case of the 
so cal led " carry over e f f e c t " . These findings are in agreement 
with the views expressed by Samiullah e_t al_. (1988). Stimulation 
of root parameters in the l e n t i l and summer moong in Experiments 
1-8 i s not unexpected as pyridoxine has long been established 
to be the indispensable fac tor for the growth of excised roots 
of .various p l an t s (Bonner and Bonner, 1948). In fact , s tudies 
in vivo per ta in ing to root growth of legumes in r e l a t i o n to 
exogenous supply of pyridoxine are meagre; but Khan and Ansari 
(1984) reported increase in l a t e r a l root number in lOd old 
seedlings of Phaseolus rad ia tus (Urd) as a r e s u l t of pre-sowing 
seed treatment with pyridoxine. Ansari (1986) a lso observed 
tha t pre-sowing seed enrichment with pyridoxine r e s u l t s in 
enhanced number of roo t nodule and root length in f ie ld grown 
l e n t i l and summer moong. 
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As far as i n t e r ac t i on of f e r t i l i s e r treatments x pre-sowing 
seed enrichment with pyridoxine i s concerned, Bj^^ x Sp 
(Experiment 1) , Bp^ Q x S^  (Experiment 2 ) , (BJ^^^ + FJ^ ^ ) x S^ 
(Experiment 3) and (Bp2o"*'^ P2^ ^ ^2 (Experiment 4) in l e n t i l as 
well as Bj^ c x S^  (Experiment 5 ) , Bp^c x Sp (Experiment 6 ) , 
^%2.5'^^N1 .25^ ^ ^2 (Experiment 7) and (Bp^Q+Fp^) x S2 
(Experiment 8) in summer moong proved optimum for most of the 
root parameters and leaf number a t various stages (Tables 11-13, 
17-19, 23-24, 28-29, 33-35, 39-41, 45-47 & 51-53) . 
These r e s u l t s confirm individual e f fec ts of f e r t i l i s e r 
treatments and of seed enrichment with pyridoxine which seem 
to have acted syne rg i s t i c a l l y upon the growth of root in 
general and leaf number in p a r t i c u l a r . Probably, soaking in 
pyridoxine solut ion f a c i l i t a t e d root growth, providing more 
surface area for rapid absorption of nu t r i en t s (and water) from 
the so i l and a l so for the establishment of symbiotic associat ion 
between rhizobium and host p l a n t s . This assumption was 
corroborated by the f i e ld t r i a l s in which f e r t i l i s e r treatments 
were given as s p l i t dose in two ins ta lments . For example, 
enhanced roo t growth and leaf number were observed in 
Experiments 3, 4, 7 and 8 wherein half of the optimum doses of 
ni trogen and phosphorus es tab l i shed in Experiments 1, 2, 5 and 
6 r e spec t ive ly . This view a lso draws support from the 
observation of equal leaf NPK accumulation in p l an t s grown from 
t rea ted seeds i r respec t ive of t h e i r having received high or 
low doses of nitrogenous and phosphatic f e r t i l i s e r which wi l l 
be discussed in Section 5 . 5 . 
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5.3 Net ass imi la t ion ra te (NAR) 
As n ine- ten th .of the dry weight of the p lan t a r i s e s 
d i r e c t l y from photosynthesis , i t was considered desi rable to 
study the e f fec t of the applied nu t r i en t s and vitamin and of 
t h e i r i n t e r ac t i on on growth r a t e s in terms of the size of the 
photosynthesising surface (taken as the mean area of leaves) 
and in t ens i t y of eff ic iency a t which each un i t of leaf functions 
(Milthorpe and Moorby, 1979). This eff ic iency i s usually 
determined by computing NAR values which r e f l e c t a d i r e c t 
r e la t ionsh ip with the yield of a crop. Therefore, NAR was 
calculated for d i f f e ren t i n t e r v a l s in l e n t i l and summer moong 
in a l l e:xperiraents. 
Application of 30 kg basal N/ha (B^^^Q) in Experiment 1 
and 5 kg basal N/ha (Bp^c) in Experiment 5 promoted NAR in l e n t i l 
a t 60-90 and 90-120d i n t e rva l s and in summer moong a t 20-30, 
30-40 and 40-50d i n t e rva l s respec t ive ly (Tables 13 & 35) . 
Moreover, supply of 15 kg basal N/ha with f o l i a r spray of 5 kg 
N/ha (Bf^ ^5+F ) in Experiment 3 and of 2.5 kg basal N/ha with 
f o l i a r spray of 1.25 kg N/ha (B^^ 5"^^N1 25^ ^^ Experiment 7 
enhanced NAR in l e n t i l a t 90-120d in te rva l and in summer moong 
a t 30-40 and 40-50d i n t e rva l s (Tables 24 & 47) . In t r i a l s on 
phosphorus app l ica t ion , 30 kg basal P/ha (Bp:,^) in Experiment 2 
and 15 kg basal P/ha (Bp^c) in Experiment 6 proved optimum for 
NAR in l e n t i l a t 60-90 and 90-120d in t e rva l s and in summer moong 
a t 20-30, 30-40 and 40-50d i n t e r v a l s (Tfeibles19 & 41) . Also, 
appl ica t ion of 20 kg basal P/ha with fo l i a r spray of 2 kg 
P/ha (BppQ+Fp ) in Experiment 4 and of 10 kg basal P/ha with 
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fo l i a r spray of 2 kg P/ha (Bpio'^^P2^ ^^ Kxperiment 8 resul ted 
in maximum NAR in l e n t i l a t 90-120d in te rva l and in summer 
moong a t 30-40 and 4O-50d i n t e rva l s (Tables 29 & 53) . I t may 
be reca l led tha t almost a l l the root growth parameters and 
leaf number were recorded to be maximum in the same treatments 
( l^bles 11-13, 17-19, 2f-24, 28-29, 33-35, 39-41, 45-47 & 51-53). 
Thus, applied nitrogenous and phosphatic f e r t i l i s e r s 
promoted solar energy harvesting eff iciency in both crops, 
r e su l t ing in elevated NAR va lues . This seems to be the f i r s t 
inves t iga t ion in which NAR response of l e n t i l and summer moong 
to ni trogen and phosphorus appl ica t ion was observed as no repor t 
on th i s aspect i s ava i lab le in the l i t e r a t u r e . 
Soaking in 0.3% pyridoxine solut ion (Sp) resul ted in 
maximum NAR values for both crops a t various samplings in a l -
most a l l experiments (Tables 13, 19, 24, 29, 35, 41, 47 & 53) . 
These findings confirmed the e a r l i e r work of Ansari (1985) and 
Ansari and Khan (1986) who reported enhancement in NAR values 
a t d i f fe ren t time i n t e rva l s in these two crops as a r e s u l t of 
seed enrichment with pyridoxine. 
Considering in t e r ac t ion between f e r t i l i s e r treatments 
and soaking with pyridoxine, \^Q ^ ^2 (Experiment 1) , 
%30 •^  ^1 (Sxperiraent 2 ) , (Br^ -)5'*'Fj^ ) ^ ^2 (Experiment 3) , 
(Bp2Q+Fp2) ^ S2 (Experiment 4 ) , B^^ x S2 (Experiment 5 ) , 
%15 "^  ^2 (Experiment 6) , (Bj^ 2 R'^^NI 25^ "^  ^2 (E^P^r^inient 7) 
and (Bpin'*"Epp) ^ Sp (Experiment 8) promoted NAR values in the 
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two crops a t a l l time i n t e r v a l s , except NAR a t 20-30d in te rva l 
in Experiment 5 (Tables 13, 19, 2A, 29, 35, 41, 47 & 53) . As 
mentioned in Section 5.2 (p.209) and wi l l be discussed below in 
Section 5.5 (p .2 l6 ) , soaking of seeds in pyridoxine solut ion 
helped to enhance the uptake of nu t r i en t s (Tables 14, 20, 25, 
30, 36, 42, 48 & 54) due to the development of an e f f i c i en t 
root system (Tables 11, 12, 17, 18, 23, 28, -5^, 34, 39, 40, 
45, 46, 51 & 52 ) . There i s every l ikel ihood tha t these 
absorbed nu t r i en t s f i r s t promoted photosynthesis as a r e s u l t 
of increase in leaf number noted in the above mentioned 
in te rac t ions and l a t e r got ass imila ted to produce various 
macromolecule which re f lec ted i t s e l f in increased dry matter 
production (Kibles 13, 19, 24, 29, l)b^ 41, 47 & 53) . A somewhat 
s imilar NAR response in mustard to in t e rac t ion of nitrogen and 
phosphorus with soaking of seeds in pyridoxine solut ion has 
been recent ly reported from the au thor ' s laboratory (Khan, 1988). 
However, such s tudies on l e n t i l and summer moong (or any other 
grain legume) have not been undertakenso f a r . 
5,4 Leaf n i t r a t e reductase a c t i v i t y (NRA) 
Plants absorb large quan t i t i e s of inorganic ni trogen 
from the so i l in the form of n i t r a t e . Once inside the p l an t s , 
the n i t r a t e i s reduced to ammonia before being incorporated, 
via amino acid formation, in to the more complex organic 
molecules l i k e p ro te ins and nucleic acids and some secondary 
nitrogenous metabol i tes . The f i r s t step in the sequence of 
these react ions i s regulated by n i t r a t e reductase tha t reduces 
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n i t r a t e to n i t r i t e (Nicholas and Nason, 1954; Salisbury and 
Ross, 1985), The leguminous crops a lso exh ib i t another 
mechanism, i . e . , dini t rogen f ixa t ion through nitrogenase system. 
However, being more rapid and convenient as well as having 
re la t ionsh ip with grain yield and qual i ty in l e n t i l and summer 
moong (Akhtar e_t a l . , 1984; Ansari e_t a]^., 1985; Samiullah 
e t a l . . 1985; Ansari, 1986), the assay of NRA was preferred 
over tha t of n i t rogenase . 
Application of 45 kg basal N/ha (Bj,,^-) in Experiment 1 
promoted leaf NRA leve l in l e n t i l a t 60, 90 and 120d tha t was 
equalled by 30 kg basal N/ha {B^^) a t 60 and 120d (ifeible 13). 
In Experiment 5 on summer moong, appl ica t ion of 5 kg basal N/ha 
(BJ^C-) and 10 kg basal N/ha iB^-^r^)t being a t par , resul ted in 
optimum leaf NRA level a t 20, 30, 40 and 50 ( l^b le 35) . Further, 
s p l i t appl ica t ion of 15 kg basal N/ha with fo l i a r spray of 
5 kg N/ha (BNIS"*"^!^) ^^ Experiment 3 and of 2.5 kg basal N/ha 
with f o l i a r spray of 1,25 kg N/ha (Bj^ ^ S'^^NI 25^ ^^ Experiment 7 
proved optimum for leaf NRA leve l in l e n t i l a t 120d and summer 
moong a t 40 and 50d (ifeibles 24 &47). True tha t the form in 
which ni trogen was applied was urea (and not n i t r a t e ) , urea 
yie lds n i t r a t e rapidly within a few days of i t s appl ica t ion 
to normal s o i l having pH > 7.0 (Table 1) due to n i t r i f i c a t i o n 
by micro-organism (Bidwell, 1979; Ross and Salisbury, 1986). 
The n i t r a t e thus formed on being absorbed by the roo t s , induces 
as well as s t a b i l i s e s the n i t r a t e reductase system in the 
p lan t s which i s re f lec ted in the higher a c t i v i t y of the enzyme 
214 
in the leaf (Afridi and Hewitt, 1962, 1964). 
Enhancement of NRA leve l by fo l i a r spray of nitrogen 
as urea in £:xperiments 3 and 7 i s r a the r d i f f i c u l t to in te rpre te 
under the given se t of circumstances. This aspect , however, 
needs to be fur ther invest igated as there i s no repor t r e l a t i ng 
to enhancement of leaf NRA leve l due to leaf applied urea. 
Application of 30 kg basal P/ha (BD^JQ) in Experiments 2 
and 6 resul ted in maximum leaf NRA leve l s in both crops a t a l l 
stages (Tables 19 & 41) . Moreover, s p l i t appl ica t ion of 20 kg 
basal P/ha with f o l i a r spray of 2 kg P/ha (Bp2o"^^p2'^  ^^ 
Experiment 4 and 10 kg basal P/ha with fo l i a r spray of 2 kg P/ha 
(Bp^^+Fp ) in Experiment 8 invariably promoted leaf NflA level in 
l e n t i l a t 120d and summer moong a t 40 and 50d (Tables 29 & 53) . 
The role of phosphorus in e levat ing leaf NfU leve l i s i nd i r ec t and 
seems to be re la ted to higher l eve l s of inorganic phosphorus 
in leaf t i s sues ( l^bles 14, 20, 25, 30, 36, 42, 48 & 54) that 
i s subsequently responsible for phosphorylation and diversion 
of simple sugars towards r e s p i r a t i o n as a r e s u l t of the release 
of photosynthates from the ch lo rop la t s . Thus, oxidation of 
these sugars could have generated more reducing power for 
n i t r a t e reductase mediated NO^  reduction (Marschner, 1966, 
p . 230). 
Seed enrichment with 0.39^ pyridoxine solut ion (Sp) 
invar iably enhanced leaf NRA leve l in both crops a t a l l stages 
of growth in a l l experiments, except Experiment 6 (Tables 13, 19, 
24, 29, 35, 41, 47 & 53 ) . In Experiment 6, the trend of leaf NRA 
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l eve l in response to pyridoxine appl ica t ion showed s l i g h t 
a l t e r a t i o n as 0.2?^ (S. ) pyridoxine solut ion promoted leaf 
NRA level in summer moong a t 20 and 30d and S^  and Sp (being 
a t p a r ) , a t 40 and 50d (Table 41) . Similar NRA response of 
l e n t i l and summer moong to pre-sowing seed treatment with 
pyridoxine has been highlighted by Samiullah e_t a J . (1988). 
One p laus ib le explanation seems to be tha t pyridoxine accelerated 
the uptake of n i t r a t e by the roots of l e n t i l and moong by 
providing l a rge r surface area for absorption (Tables 11,17, 23, 
28, 33, 39, 45 & 51 ) . I t might have resu l ted in higher a c t i v i t y 
of n i t r a t e reductase which not only requires i t s substrate 
( n i t r a t e ) for induction but a l so for s t a b i l i s a t i o n as mentioned 
above (Hewitt and Afridi , 1959; Afridi and Hewitt, 1962, 1954). 
The a l t e rna t ive p o s s i b i l i t y may be t h a t pyridoxine d i r ec t ly 
induced the synthesis of n i t r a t e reductase . Such d i r e c t 
induction of NRA by other growth regu la to r s , for example GA or 
GA + cytokinin in tobacco leaves and by cytokinin in embryos 
of Agrostemma githago and in cucumber cotyledons has been 
documented by Roth-Bejerano and Lips (1970), Kende e_t ajL_. (1971), 
Hirschberg e_t al_. (1972), Kende and Shen (1972) and Knypl (1973). 
Considering in t e r ac t ion between f e r t i l i s e r and soaking 
treatments, B^^^ x S^ (Experiment 1) , Bp x S^  (Experiment 2 ) , 
(Bj^ ^^+Fj^ ^) X S^ (Experiment 3 ) , (Bp2o^Fp2) ^ ^2 (Experiment 4 ) , 
Bf,i- X S^  (Experiment 5 ) , Bp-ic: ^ Sp (Experiment 6 ) , 
^%2.5''^N1.25^ "^  ^2 (Experiment 7) and (Bp^Q+Fp^) x S2 
(Experiment 8) resu l ted in the highest leaf NRA leve l s in both 
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crops a t most of s t ages . These r e s u l t s broadly display a 
strong synergism between pyridoxine and phosphorus treatments 
Cab les 13, 19, 24, 29, 35, 41, 47 & 53) . 
5.5 Leaf NPK content 
Leaf ana lys is i s considered a r e l i a b l e inde:x of the 
mineral s t a tus of the so i l as well as an ind ica t ion on the 
mineral requirements of the p l an t (Lundegardh, 1943, 1947, 1951). 
Leaf n u t r i e n t content has been es tabl i shed to be re la ted to 
vegetat ive as well as reproductive growth of crop p lan ts 
(Lundegardh, 1951; Inam e_t a l . , 1982; Akhtar, 1985; Ansari, 1986), 
Therefore, l eaf NPK content was estimated a t various growth 
stages in the present study in response to ni t rogen, phosphorus 
and pyridoxine appl ica t ion alone and in combination. 
The concentrat ion of NPK in leaves was generally more 
in l e n t i l ( l^bles 14, 20, 25-30) than in summer moong 
(Tables 36, 42, 48 & 54 ) . This c l ea r ly e s t ab l i shes higher 
requirement of these nu t r i en t s by the former crop. By and la rge , 
nitrogen and phosphorus app l ica t ion enhanced the contents of 
leaf NPK in both crops a t various s tages , with the appl ica t ion 
of 30 kg basal N/ha ( % 3 Q ) in Experiment 1, 30 kg basal P/ha 
(Bp^) in Experiment 2, 5 kg basal N/ha (B>j^ ) in Experiment 5 
and 30 kg basal P/ha (BD^^Q) in Experiment 6 proving optimum 
( l^bles 14, 20, 36, 42) . These findings corroborate the 
e a r l i e r r e s u l t s of several workers who obtained high content 
of leaf NPK in various crops as a r e s u l t of individual 
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application of nutrients (Lundegardh, 1951; Shankar and 
Kushwaha, 1971; Sinha, 1971; Khare e_tal_., 1973; Rajendran and 
Krishnamoorthy, 1975; Ravankar and Badhe, 1975; Parode et al.. 
1977; Sampet, 1978; Bassiri e_t a2^ ., 1979; Kumar ejcal^,, 1979; 
Sameni e_t a]^., 1979; All e^al., 1981; Sivasankar £t al_., 1981; 
Paricha e_t al., 1983; Rao e^al^., 1983; Akhtar e_t al^ ., 1984; 
Akhtar e_t al^., 1987). 
Split application of 15 kg basal N/ha with foliar spray 
of 5 kg N/ha (B|^ i5"*"Fj^ ) in Experiment 3 and of 20 kg basal P/ha 
with foliar spray of 2 kg P/ha i^vpn'^'^pp^ i^ Experiment 4 on 
lentil as well as of 2.5 kg basal N/ha with foliar spray of 
1.25 kg N/ha {B^^ S^^NI 25^ ^^ Experiment 7 and 10 kg basal P/ha 
with foliar spray of 2 kg P/ha (Bp^Q+Fp^) in Experiment 8 on 
summer moong exhibited maximum leaf NPK content at all stages 
of growth ('febles 25, 30, 48 & 54). This effect was expected 
due to direct enrichment of leaves with nutrients. However, 
leaf applied nitrogen and phosphorus might have also increased 
indirectly the uptake of nutrients including NPK through the 
roots, ultimately resulting in an increased transfer of these 
nutrients to the shoot (Asen e_t al_., 1953, 1954; Boynton, 1954; 
Thorne, 1957; Wittwer and Teubner, 1959; Wittwer and Bukovac, 
1969). Thus, according to Dorokov (1957), Mastskov and 
Ikonenko (1958) and Ikonenko (1959), foliar application of 
nitrogen and phosphorus enhances the absorption of nutrients 
through roots by a series of reactions. First, an increase 
in photosynthesis results in the production of large quantities 
of organic substances in leaves. This is followed by their 
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enhanced t ranspor t to the r o o t s . As a r e s u l t , there i s an 
increase in roo t r e sp i r a t i on , with consequent enhanced root 
growth providing a l a rger absorbing surface. 
In Experiments 1-8 in general , pre-sowing seed treatment 
with 0.3% (S2) pyridoxine solut ion exhibi ted maximum leaf NPK 
contents in both crops a t var ious stages (Tables 14, 20, 25, 30, 
36, 42, 48 & 54 ) . Samiullah e t a l . (1988) have a lso mentioned 
in t h e i r review t h a t pre-sowing seed treatment with pyridoxine 
enhanced leaf NPK contents in f i e ld grown l e n t i l and summer 
moong. Accordingly, combinations including B^^ ^Q ^ S 
(Experiment 1 ) , Bp^ x S^  (Exper iment 2 ) , (^ i^ -i^ "'"^ !^ )^ ^ ^2 
(Experiment 3 ) , (^Bp2Q-*-Fp2\S(E^P^ i^"^s^"t ^)» ^^ 5^ ^ ^^  (Experiment 5 ) , 
%15 ^ ^2 ^Experiment 6) , (B^^ 5'*"^N1.25^ ^ ^2 (E^P^^inient 7) and 
(Bp.Q+Fp ) X Sp (Experiment 8) proved optimum for leaf NPK 
contents a t most sampling s tages , suggesting a strong cummulative 
e f fec t of f e r t i l i s e r and soaking treatments (ifeibles 14, 20, 25, 
30, 36, 42, 48 & 5 4 ) . As has been mentioned in Section 5.2, 
i t seems tha t the augmented endogenous l eve l s of pyridoxine 
as a r e s u l t of seed treatment enhanced the absorbing capacity 
of roots of l e n t i l and summer moong via increased root growth 
r e su l t i ng in higher " ef f ic iency of so i l -appl ied n u t r i e n t " 
in both crops. 
5.6 Yield c h a r a c t e r i s t i c s 
Yield i s the f ina l manifestat ion of several complex 
morphological and physiological t r a i t s of a crop. According 
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to Thorne (1965), vegeta t ive growth before flowering has 
considerable ( a l b e i t Ind i rec t ) Influence on grain y ie ld . This 
ea r ly growth a f fec t s the p o t e n t i a l surfaces so t ha t they are 
made avai lable for photosynthetlc a c t i v i t y a f t e r flowering by 
Influencing the number and s ize of the photosyntheslslng s i t e s 
(leaves)e I t Is t h i s surface t h a t provides the products to the 
sinks (g ra ins ) , thereby highl ight ing the dependence of 
reproductive growth on vegeta t ive growth* However, these 
t r a i t s a re , Inturn, dependent upon various f ac to r s , including 
a v a i l a b i l i t y and proper balance of e s s e n t i a l nu t r i en t s and 
the i r e f f i c i e n t absorption and u t i l i s a t i o n . 
Nitrogen and phosphorus treatments, BMAC (Experiment 1) , 
Bp^ (Experiment 2 ) , Bj^ ^^+F^^ (Experiment 3) , Bp2o"^^P2 
(Experiment A), B^a (Experiment 5 ) , Bp^ (Experiment 5) , 
%2 S'^ '^ NI 25 (Experiment 7) and Bp^^ + Fp^ (Experiment 8) proved 
optimum for most yield a t t r i b u t e s , including seed yield 
(ifebles 15, 16, 21 , 22, 26, 27, 31, 32, 37, 38, 43, 44, 49, 50, 
55 & 56) . I t may be reca l led t h a t these treatments were also 
optimum for most of the growth parameters, NAR, leaf NRA and 
lea f NPK content in the respect ive experiments. These obser-
va t ions , therefore c l ea r ly es tab l i shed tha t seed yield depends 
upon in tegra t ion of vegetat ive and reproductive growth as 
mentioned above. The present data are in agreement with the 
work of other s c i e n t i s t s who reported pos i t ive e f fec t of these 
nu t r i en t s (applied ind iv idua l ly) on yield parameters 
(Choudhury, 1968; Sharma, 1970; Chowdhury e_t al^., 1974; 
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Hamissa, 1974; Maheshwari, 1974; Panwar and Singh, 1975; Ravankar 
and Badhe, 1975; Kaul, 1976; f^raa Krishnan e_t a]^ . , 1977; Nair 
and Aiyer , 1979; Bisen e_t al_., 1980; Saxena and Wassimi, 1980; 
Vasimalai and Subramaniam, 1980; Panwar and Singh, 1981; 
Raghu e_t a]^ . , 1981; Saxena, 1981; Singh and Marok, 1981; 
S r ivas t ava and Verma, 1981; Yaseen, 1981; Verma and Kalra , 1983) . 
P e r t a i n i n g to the soaking t r e a t m e n t s , 0 .3% pyr idox ine 
s o l u t i o n (S2) proved optimum for most y i e l d c h a r a c t e r i s t i c s 
i n c l u d i n g seed y i e l d , i n a l l expe r imen t s . Such a b e n e f i c i a l 
e f f e c t of py r idox ine on the p r o d u c t i v i t y of c e r e a l s and legumes 
has a l s o been r e p o r t e d by o the r workers from the a u t h o r ' s 
l a b o r a t o r y (Af r id i e t a ]^ . , 1983; Samiullah e t . a l _ . , 1985) . As 
mentioned e a r l i e r , these t r e a t m e n t s a l s o proved optimum for most 
of the growth c h a r a c t e r i s t i c s of r o o t , NAR, l e a f NRA and l e a f NPK 
c o n t e n t s . Thus, the cumulat ive e f f e c t of these parameters 
r e s u l t e d in enhanced seed y i e l d of both c r o p s . 
Cons ider ing the i n t e r a c t i o n s , B^^^^ x S2 (Experiment 1 ) , 
Bp^Q X S^  (Experiment 2 ) , (Bj^^^ + F^^ )^ x S^ (Experiment 3 ) , 
(Bp2o'*'Fp2) ^ ^2 (Experiment 4 ) , B^ x S^  (Experiment 5 ) , 
Bp^^ X S2 (Experiment 6 ) , CBJ^ 2 .5'*"^N1 25^ ^ ^2 (2>:periment 7) and 
(Bp^Q+Fp2) X S2 (Experiment 8) proved optimum for most y i e ld 
a t t r i b u t e s in a l l exper iments ( l ^ b l e s 15» 16, 2 1 , 22, 26, 27, 
3 1 , 32, 37, 38, 43 , 44, 49, 50 , 55 & 5 6 ) . Experiments 4 and 8 
inc luded f o l i a r spray of phosphorus on l e n t i l and summer moong 
r e s p e c t i v e l y . I t seems t h a t spray of phosphorus with pyr idoxine 
221 
soaking treatment resu l ted syne rg i s t i ca l ly in t rans locat ion of 
photosynthates to the developing grains and thereby, favoured 
e f f i c i en t grain f i l l i n g . I t i s well es tabl i shed tha t high 
leve l of phosphorus in the t i ssue favours phosphorylation of 
sugars and the i r subsequent t rans loca t ion (Marschner, 1986). 
However, i n t e r ac t ion of ni trogen or phosphorus with pyridoxine 
seems in general to have promoted e i the r d i f f e r en t i a t i on of 
flowers or r e ten t ion of pods a f t e r maturation or both^ and thus 
resul ted in enhanced seed y i e ld . Moreover, the same in te rac t ions 
of nitrogen or phosphorus with pyridoxine were a lso found to be 
optimum for most of the growth parameters in the case of root , 
NAR, leaf NilA and leaf NPK conten ts . Therefore, p rof i t ab le 
cu l t iva t ion of these crops may be obtained by pre-sowing seed 
treatment with 0.3% pyridoxine solut ion, basal appl ica t ion 15 kg 
N and 20 kg P/ha and f o l i a r spray of 5 kg N and 2 kg P/ha to 
l e n t i l . On the other hand, in the case of summer moong the same 
seed treatment would give exce l len t r e s u l t s by being applied with 
5 kg N and 10 kg P/ha and f o l i a r spray of 2 kg P/ha only. I t 
would r e s u l t in a net saving of 10 kg N and 8 kg P/ha in l e n t i l 
and although the saving of ni t rogen i s negl ig ib le 18 kg P/ha 
could be saved in summer raoong. 
5.7 Seed p ro te in content 
Grain legumes are a r ich source of vegetable prote ins in 
Indian d i e t . As such, not only the yield but a l so the prote in 
content of the grain should be taken into considerat ion and 
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if it is low remedial medautes would be necessary for au^ m^enting 
it. The significant data pertaining to this aspect are discussed 
below. 
In all the eight experiments, application of nitrogen 
and phosphorus promoted seed protein content in both crops, 
^N30 (Experiment 1), Bp^Q (Experiment 2),, Bj^ +^Fj^ ^ (Experiment 3), 
BppQ+Fpp (Experiment 4), Bj,^  (Experiment 5), Bp^n (j^ p^eriment 6), 
% 2 5'*"^N1 25 (^ P^6^ i"^ ent 7) and Bp. +Fp (Experiment 8) proving 
optimum (Tables 16, 22, 27, 32, 38, 44, 50 & 55). This would 
be expected as nitrogen is the chief constituent of proteins 
while phosphorus is involved in protein synthesis via supply of 
energy-rich ATP (Hewitt, 1963)« The positive effect of 
individual nutrients, including nitrogen and phosphorus, has also 
been established by a few workers (Chowdhury, 1968; Arora and 
Luthra, 1972; Tiwari and Srivastava, 1974; Panwar and Singh, 1975; 
Kushwaha and Srivastava, 1978; Panwar and Singh, 1981). 
In all experiments 0.3% pyridoxine solution (S2) proved 
optimum for seed protein content in both crops (Tables 15, 22, 27, 
32, 38, 44, 50 & 56). The beneficial effect of pyridoxine 
on seed protein content is not altogether surprising as this 
vitamin, being a co-enzyme of aminotransferases, helps in the 
synthesis of amino acids by utilising the organic acids produced 
during oxidation of carbohydrates in the Krebs cycle (Lehninger, 
1984, p.258). The additional amino acids so produced are also 
incorporated into the proteins, shifting the metabolic balance 
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in favour of pro te in formation and s to rage . The a v a i l a b i l i t y 
of phosphorus in addi t ion to t ha t of ni trogen, ensures the 
continuous u t i l i s a t i o n of carbon skelatons for amino acid 
synthesis as well as tha t of energy-rich ATP for pro te in synthesis 
(Hewitt, 1963; Marschner, 1986, p . 230). This appears to be 
the most val id reason to explain why there e x i s t s a noteworthy 
synergism between supply of ni t rogen or phosphorus and pyridoxine 
in promoting the seed pro te in content . Thus, i t i s understandable as 
^° "^^y SN30^2» % 3 0 ^ ^ 1 ' ^%15"^%^ ^ ^2* ^^20"'^P2) ^ ^2, 
% ^ ^1» ^P15 ^ ^2» ^^N2.5'^^N1.25^ ^ ^2' ^^^ ^^P10'*"^P2^ ^ ^2 
in Experimente1-8 respec t ive ly enhanced seed pro te in content in 
the two crops . 
5.8 Conclusion 
A comparison of a l l experiments reveals tha t f o l i a r spray 
of nitrogen was more eff icacious and economical in l e n t i l than 
in summer moong. The c l ea r - cu t effect iveness of leaf-appl ied 
phosphorus in both l e n t i l and summer moong confirmed the 
increasingly low a v a i l a b i l i t y of th i s nu t r i en t from the so i l 
as the crops matured. Moreover, 0.3% Pyridoxine solut ion 
applied as pre-sowing seed treatment invar iably exhibited a 
pronounced s t imulat ing e f fec t on growth, development, yield and 
qual i ty of both crops. Thus, pyridoxine seemed to promote 
" the eff ic iency of so i l / l e a f - app l i ed n u t r i e n t s " in l e n t i l and 
summer moong. Therefore, p rof i t ab le cu l t iva t ion of l e n t i l may 
be ensured on administering 0.3% pyridoxine solut ion to seeds with 
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CHAPTER - 6 
SUMMARY 
The importance of the problem " Growth and y i e l d response 
°^ Lens cu l ina r i s L. Medic, ( l e n t i l ) and Vi^na rad ia ta L. 
Wilczek (moong) to ni trogen phosphorus and pyrldoxine app l i ca t ion" 
has been b r i e f l y considered. In view of the lacunae in the 
understanding of the problem, j u s t i f i c a t i o n s have been put forward 
for undertaking the present work (Chapter 1 ) . 
The h is tory of inorganic p lan t n u t r i t i o n and published 
papers on the physiological ro l e s of ni trogen, phosphorus, 
potassium and pyridoxine and on t h e i r e f fec t on the performance 
of l e n t i l and moong have been reviewed, paying special a t t en t ion 
to Indian work (Chapter 2)o 
Detai ls of the materials and methods of a l l e ight f ac to r i a l 
randomised f ie ld experiments conducted and re levant meteorological 
and edaphic data have been given (Chapter 3 ) . 
The s ign i f i can t (P 4 0.05) data (Chapter 4) have been 
discussed in the l i g h t of e a r l i e r findings (Chapter 5) and are 
summarised belowj 
Experiment 1 (1984-85) was conducted on l e n t i l var.T-36 
during " rabi •' (winter) season to study the e f f ec t of basal 
ni trogen and pre-sowing seed enrichment with pyridoxine, added 
in the presence of 45 kg P and 30 kg K/ha uniformly, alone and 
in combination on ( l ) growth parameters (root length, root nodule 
number, fresh and dry weight of roo t and lea f number). 
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( i i ) n e t a s s i m i l a t i o n r a t e (NAR), ( i i i ) n i t r a t e r e d u c t a s e 
a c t i v i t y (NRA), ( i v ) l e a f NPK c o n t e n t , (v) y i e l d parameters 
(pod number, pod l e n g t h , seed number/pod, 1,000 seed weight and 
seed y i e l d ) and ( v i ) seed p r o t e i n c o n t e n t . The doses of n i t r o g e n 
were 15 (B^^^), 30 (BJ^^Q) , 45 (B^i^^) and 60 ( % 5 Q ) kg N/ha and 
pre-sowing seed t r e a t m e n t , 0.0% ( S ^ ) , 0.2% (S-j), 0.3% (S2) and 
Oo4% {S^) aqueous pyr idox ine s o l u t i o n . Growth pa r ame te r s , NRA 
and l e a f NPK c o n t e n t were s t ud i ed a t 60, 90 and 120d.and NAR was 
computed f o r the p e r i o d s 60-90d and 90-120d. Yield parameters 
and seed p r o t e i n c o n t e n t were s t u d i e d a t h a r v e s t . 
B„,Q proved optimum f o r most of the pa ramete r s s t u d i e d . 
The e x c e p t i o n s were dry weight of r o o t a t 120d, NAR a t 90d, l e a f 
potass ium c o n t e n t a t 120d, and pod number and seed y i e l d , f o r 
which B^ T/cr was found b e s t . Sp promoted a lmos t a l l parameters 
s t u d i e d . The i n t e r a c t i o n BJ^,Q X S2 proved optimum with the 
excep t ion of l e a f number and l e a f n i t r o g e n contents a t 120d, for 
which B J ^ ^ X Sp was found n e x t to B,,,,. x S2. B^^^^ x S2 inc reased 
seed y i e l d by 71.21% and seed p r o t e i n c o n t e n t by 12.65% over 
%15 ^ ^W' 
Experiment 2 (1984-85) was conducted on lentil var,T-36 
during "rabi" season to study the effect of four basal doses 
of phosphorus, i.e., 15 (Bp^5)» 30 (Bp3Q), 45 (Bp^^) and 60 (Bp^) 
kg P/ha, added in the presence of 45 kg N and 30 kg K/ha applied 
uniformly at the time of sowing, and pre-sowing seed treatment 
with four aqueous pyridoxine solution, i.e., 0.0% (Sw)f 0o2% (S^), 
0.3% (Sp) and 0.4% (S,), alone as well as in combination, on the 
same parameters as were selected in Experiment 1» 
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Bp,Q and S proved optimum for most p a r a m e t e r s . Bp,^ x S^  
proved optimum f o r most p a r a m e t e r s , excep t f r e sh weight of r o o t 
a t 60d, NRA a t 120d and l e a f n i t r o g e n c o n t e n t a t 90d where the 
e f f e c t of t h i s i n t e r a c t i o n was nex t to t h a t of Bp/c x S2. 
^P30 ^ ^^ ^^^^^^^^ seed y i e l d and seed p r o t e i n c o n t e n t by 31.05% 
and 18.27% r e s p e c t i v e l y compared wi th Bp t^- x S^. 
Experiment 3 (1985-86) was a l s o conducted on l e n t i l 
v a r .T -36 dur ing " r a b i " season to s tudy the i n d i v i d u a l and 
combined e f f e c t of ba sa l + f o l i a r a p p l i c a t i o n of n i t r o g e n 
(%15''^W' ^N30'"^W' ^15" '^N5' ^N3o''^N5' %15"'^N10 ^' '^ %3o''^N10>' 
i n the presence of 30 kg P and 30 kg K/ha added uniformly a t the 
time of soaking , and seed t r e a t m e n t wi th 0.2% (S^,) and 0,3% (S^) 
pyr idox ine s o l u t i o n on growth c h a r a c t e r i s t i c s a t 120d, NAR for 
90-120d i n t e r v a l and y i e l d pa ramete r s and seed p r o t e i n con ten t 
a t h a r v e s t . 
I n d i v i d u a l and combined e f f e c t of BJ^-IC'^ FJ^K and Sp proved 
optimum for a lmos t a l l pa r ame te r s , BMIR"*"^M5 ^ ^p ^^^^^^sed seed 
y i e l d by 21.04% and seed p r o t e i n c o n t e n t by 5.35% over 
(Bj,.c- + F^) X S. . I t r e s u l t e d in a n e t saving of 10 kg N/ha 
compared with the optimum N requi rement noted in E.xperiment 1 . 
E>;periment 4 (1985-86) v/as a l s o conducted on l e n t i l v a r , 
T-36 during •' r a b i " season . The aim was to i n v e s t i g a t e the 
e f f e c t of ba sa l + f o l i a r a p p l i c a t i o n of phosphorus (Bp2o'*"'^ W' 
%30"'^W' ^P20'"^Pr ^P30'"^Pr ^P20''^P2 ^^^ ^P30^^P2^' ^" ^^^ 
presence of 30 kg N and 30 kg K/ha added uniformly a t the time 
of sowing, and soaking in Oo2% and-0 .3% py r idox ine s o l u t i o n 
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(S^ and $2 r e spec t ive ly ) , alone and in a l l possible combinations, 
on the parameters se lected in Experiment 1, 2 and 3 a t 120d and 
a t harvest . 
Among d i f fe ren t l eve l s of phosphorus (basal+fol iar ) and 
soaking treatments, %)2n'**^ p2 ^^^ '^ 2* ^1°"^ ^s well as in combina-
t ion, proved optimum for a l l parameters . Their combination 
resu l ted in an increase of 24.13% and 16.36% in seed yield and 
seed pro te in content respec t ive ly over (Bppo'^ ^^ W^ '^  ^1* '^'^is 
resul ted in a net saving of 8 kg P/ha compared with the optimum 
dose determined in Experiment 2 . 
Experiment 5 (1985) was performed on summer moong 
(Vigna rad ia ta L, Wilczek) var.K-851 during " z a i d " (summer) 
season to inves t iga te the e f fec t of four applied nitrogen l eve l s , 
v i z . , no ni t rogen (B^Q), 5 kg N/ha (Bj^^), 10 kg N/ha (Bj^^^) and 
15 kg N/ha (Bj^.j-), in the presence of 30 kg P and 35 kg K/ha added 
uniformly a t the time of sowing, and four pre-sowing seed 
treatments with aqueous pyridoxine solut ion, i . e . , 0.0% (S^^}, 
0.2% (S>]), 0.3%(S2) and 0.4% (S^), alone and in a l l possible 
combinations, on ( i ) growth parameters (root length, root nodule 
number, fresh and dry weights of root and leaf number), ( i i ) net 
ass imi la t ion ra te (NAR), ( i i i ) n i t r a t e reductase a c t i v i t y (NRA), 
( iv) leaf NPK content (v) yield parameters (pod number/plant, 
pod length, seed number/pod, 1,000 seed weight and seed yie ld) 
and (vi) seed p ro te in content . The growth parameters, NRA and 
leaf NPK content were studied a t 20, 30, 40 and 50d, NAR was 
computed for 20-30d, 30-40d, and 40-50d i n t e rva l s and yield 
parameters and seed pro te in content were determined a t harvest . 
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B^^ and Sp proved optimum for a lmost a l l pa r ame te r s . 
^N5 "^  ^1 P-'"°'^ ®^ optimum for most of the pa r ame te r s , except NAR 
for 20-30d, NRA a t 50d, l e a f phosphorus c o n t e n t a t 30d, pod 
number /p lant and seed number/pod a t h a r v e s t , for which B.,^ x S. 
was nex t to B^^ x Sp. Bj_- x S^  r e s u l t e d in an i nc rea se of 
31 o72?6 and 7.86?6 in seed y i e l d and seed p r o t e i n c o n t e n t 
r e s p e c t i v e l y over B^Q X S ^ . 
Experiment 6 (1985) was conducted on summer moong 
var .K-851 dur ing " z a i d " season to s tudy the e f f e c t of b a s a l l y 
app l i ed phosphorus ^^p^^* • ^ pxQ* ^pi^R ^^^ ^P60^' ^" ^^'^ presence 
of 10 kg N and 35 kg K/ha added uniformly a t the time of sowing, 
and pre-sowing seed t r e a t m e n t wi th aqueous py r idox ine s o l u t i o n 
(S,^, S^, Sp and S^), a lone and in combinat ion, on the same 
parameters as were s e l e c t e d in Experiment 5 . 
Bp and Sp s e p a r a t e l y proved optimum for a l l pa ramete rs , 
whi le Bp-15 ^ Sp emerged as the b e s t combination of b a s a l l y app l i ed 
phosphorus and pyr idox ine soak ing . I t enhanced the seed y i e l d 
and seed p r o t e i n c o n t e n t by 31.06% and 11.759^ r e s p e c t i v e l y 
over Bp^^ x S^. 
Experiment 7 (1986) was a l s o conducted on summer moong 
v a r , K-851 dur ing " z a i d " season to s tudy the e f f e c t of 
ba sa l + f o l i a r a p p l i c a t i o n of n i t r o g e n (Bj^ p C3'*'F^ » ^N5"*"^W» 
%2.5'"^N1.2'5' %2.5 ' '^N2.5 ^"^ %2.5"'^N5>' ^ ^ ^ ^ S the optimal 
and sub-opt imal ba sa l doses determined in Experiment 5 , in the 
p resence of 15 kg P and 35 kg K/ha added uniformly a t the time 
of sowing, and two pre-sowing seed t r e a t m e n t s , v i z . , 0.2?6 (S^) 
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and 0.3% (S^) aqueous pyr idox ine s o l u t i o n , a lone and in 
combinat ion, on the same pa ramete r s as v/ere s e l e c t e d in 
Experiment 5 . Growth p a r a m e t e r s , NRA and l e a f NPK content , . 
were s tud i ed a t 40 and 50d, NAR was computed fo r 30-AOd and 
40-50d i n t e r v a l s and y i e l d pa ramete rs and seed p r o t e i n con ten t 
were determined a t h a r v e s t . 
c"*"f']ui pc a^ nd Sp, a lone as a l s o in combinat ion, proved 
optimum for a l l pa ramete r s s t u d i e d . Although i t r e s u l t e d in a 
saving of only 1.25 kg N/ha, i t i nc reased seed y i e l d by 20.27?^ 
and seed p r o t e i n c o n t e n t by 7.12% over {B^^ ^'*'^\{^ -^  -^j • 
Experiment 8 (1986) was a l s o conducted on summer moong 
v a r . K-851 dur ing " z a i d " season to study^ i f economy of 
phosphorus could be achieved by t ak ing b a s a l + f o l i a r phosphorus 
^ ^ l o ' ^ V % 1 5 ' ' V ^P10'*"^P1' ^P15'*'^Pr ^P10"^^P2 ^""^ ^P15"'^P2^» 
added in the presence of 5 kg N and 35 kg K/ha a p p l i e d uniformly 
a t the time of sowing, and pre-sowing seed t r e a t m e n t with two 
c o n c e n t r a t i o n s of aqueous py r idox ine s o l u t i o n , i . e . j 0 . 2 % a n d 0.3% 
(S. and S_ r e s p e c t i v e l y ) , a lone and in a l l p o s s i b l e combinat ions , 
on the same pa ramete r s as were s e l e c t e d i n Experiment 5 and 6. 
Growth pa r ame te r s , NRA and l e a f NPK c o n t e n t were s tud ied a t 40 
and 50d. NAR was computed for 30-40 and 40-50d i n t e r v a l s only 
and y i e l d pa ramete r s and seed p r o t e i n con ten t were determined 
a t h a r v e s t . 
Bp^Q+Fp (equa l l ed by Bp^^+Fp^) and S^ proved b e s t for 
most parameters s e p a r a t e l y , i^p^n'^^po) ^ Sp e x c e l l e d a l l o ther 
i n t e r a c t i o n s and proved optimum for a l l p a r a m e t e r s , i n c r e a s i n g 
seed y i e l d and seed p r o t e i n c o n t e n t by 35.65% and 19.33% 
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respec t ive ly over (Bpio'*"f'w^ ^ ^1 ^^^^ ^ saving of 18 kg P/ha 
as compared with the optimum determined in Experiment 6. 
The information contained in th i s thes i s i s new addi t ion 
to the l i t e r a t u r e on the growth, development and seed qual i ty of 
grain legumes in p a r t i c u l a r and crop p lan ts in general in the 
following r e spec t s . 
1. The optimum requirements of nitrogenous and phosphatic 
f e r t i l i s e r s for l e n t i l and summer moong (Experiment 1, 2, 5 
and 6) for the agro-climate obtaining a t Aligarh (Western 
Uttar Pradesh)were determined with p rec i s ions . 
2 . The concentrat ion of pre-sowing seed treatment with aqueous 
pyridoxine (vitamin B^) solut ion for optimum performance 
of the two crops was repeatedly confirmed in a l l t r i a l s 
undertaken (Experiments 1-8), 
3 . The optimum combinations of nitrogenous or phosphatic 
f e r t i l i s e r s with soaking treatments were determined for the 
f i r s t time (Experiments 1-8) 
4. Comparison of a l l experiments revealed tha t supplemental 
fo l i a r spray of ni trogen and phosphorus was effect ive and 
economical for both l e n t i l and moong. Pre-sowing seed 
treatment with an aqueous solut ion of 0.3% pyridoxine 
resu l ted invar iably in a pronounced s t imulat ing e f fec t on 
yield and qua l i ty of both crops . 
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Thus, pyridoxine treatment promotes " s o i l and leaf-
applied n u t r i e n t use e f f i c i ency" in both crops . Therefore, 
minimum appl ica t ion of nu t r i en t s (ni t togen and phosphorus) in 
combination with 0.3% aqueous solut ion of pyridoxine treatment 
of seeds in the presence of appropriate Rhizobium inoculum may 
be exploited economically to augment the yield and seed 
qual i ty of l e n t i l and summer moong. 
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APPENDIX 
PREPARATION OF REAGENTS 
The reagents for various biochemical determinations 
were prepared according to the following methods. 
1, Reagents for pyridoxine estimation 
a. Chloroimide reagent 
100 mg of c r y s t a l l i n e 2 ,6 -d i ch lo roqu inone chloromide 
was d i s s o l v e d i n 250ml of i s o p r o p a n o l . The s o l u t i o n was kept 
in a g l a s s - s t o p p e r e d b o t t l e in, r e f r i g e r a t o r and d i scarded when 
pink co lour developed . 
b. Ammonia-ammonium chloride s o l u t i o n 
I60g of ammonium c h l o r i d e was d i s so lved in 70ml of 
d i s t i l l e d water i n which 160ml of concen t ra t ed ammonia water 
(approximate ly 27%) was added. The s o l u t i o n was d i l u t e d upto 
1,000ml with d i s t i l l e d w a t e r . 
c. Boric acid solution 
5g of boric was dissolved in loOml of distilled water. 
d. Pyridoxine hydrochloride solution 
lOOmg of pyridoxine hydrochloride was dissolved in 1000ml 
of distilled water which was kept in an amber coloured bottle 
in refrigerator. 
I I 
e . Buffer solut ion (pH - 3) 
73g of sodium phosphate dihydrate and I67g of c i t r i c 
acid were dissolved in d i s t i l l e d water and d i lu ted upto 1000 mlo 
2 . Reagents for n i t r a t e reductase a c t i v i t y 
a . Phosphate buffer (pH - 7.5) 
13.6g of potassium dihydrogen orthophosphate was 
dissolved in lOOOral of d i s t i l l e d water ( a ) . 17.42g of dipotassium 
monohydrogen orthophosphate was dissolved in 1000ml of d i s t i l l e d 
water ( b ) . I60ml of so lu t ion ' a ' and 840ml of so lu t ion 'b* were 
mixed for the prepara t ion of the buffer . 
bo Potassium n i t r a t e solu t ion (Oo2M) 
2o02g of potassium n i t r a t e was dissolved in 100ml 
aqueous so lu t ion . 
c . Isopropanol {3%) 
5ml of isopropanol was mixed with 95ml of d i s t i l l e d 
water. 
d. Chloramphenicol so lu t ion (Q,5mg/ml) 
50mg of chloramphenicol was dissolved in lOOral of 
d i s t i l l e water. 
e . Sulphanilamide i^%) 
1g of sulphanilamide powder was dissolved in 100ml of 
3N-hydrochloric ac id . 
Ill 
f. NED HCl solution (0,02%) 
20mg of NED HCl (N-l-(naphthyl)-ethylene diamine 
dihydrochloric acid) was dissolved in lOOml of distilled water. 
3c Reagents for NPK determination 
a . Ness le r ' s reagent 
3.5g of potassium iodide was dissolved in 100ml of 
d i s t i l l e d water in which h% mercuric chloride so lu t ion was 
added with s t i r r i n g u n t i l a s l i g h t red p r e c i p i t a t e remained 
(about 325ml of the solut ion was r equ i r ed ) . Thereafter, 120ml 
of sodium hydroxide with 250ml of d i s t i l l e d water were mixed. 
The volume was made upto 1000ml with d i s t i l l e d water. The 
mixture was decanted and kept in amber coloured b o t t l e . 
b . Molybdic acid reagent (2o5%) 
6.25g of ammonium molybdate was dissolved in 175ml 
d i s t i l l e d water to which 75nil of lON-sulphuric acid was added. 
c . Aminonaphthol sulphonlc acid 
0.5g of 1-amino-2naphtholT4-sulphonic acid was dissolved 
in 195ml of 15% sodium bisu lphi te solut ion to which 5ml of 20% 
sodium sulphi te solu t ion was added. The solut ion was kept in 
amber coloured b o t t l e . 
4 . Reagents for p ro te in est imat ion 
a . Reagent A 
0.5% copper sulphate solution and 1% sodium sulphate 
solution were mixed in equal volumes. 
IV 
b. Reagent B (carbonate-copper sulphate solution) 
50ml of 2% sodium carbonate solution was mixed with 1ml 
of reagent 'A', 
c, Fo l ln ' s reagent 
100g of sodium tungstate and 25g of sodium molybdate 
were dissolved in700inl of d i s t i l l e d water to which 50ml of 85% 
phosphoric acid and 100ml of concentrated hydrochloric acid 
were added. The solut ion was re f lec ted on a heating mantle for 
10h. At the end,150g of l i thium sulphate, 50ml of d i s t i l l e d 
water and 3-^ drops of l iqu id bromine were added. The ref lex 
condenser was removed and the solut ion was boiled for 15min to 
remove excess bromine, cooled and d i lu ted upto 1000ml, The 
s t rength of t h i s ac id ic solut ion was adjusted to IN by t i t r a t i n g 
i t with 1N-sodium hydroxide so lu t ion . 
